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(P < 0.0001), higher ratio of males (P < 0.001), less medias-
tinal involvement (P < 0.001), more involvement of para-
aortic and retroperitoneal lymph nodes (P = 0.038 for both),
and less occurrence of WBC count >15 000/mm? (P = 0.009).

Patients with EBV-positive CHL were significantly associ-
ated with aggressive clinical parameters, namely perfor-
mance status (PS) >1 (P = 0.026), presence of B-symptoms
(P =0.0386), and thrombocytopenia (P = 0.025). The interna-
tional prognostic index (IP1) score was therefore significantly
higher in the EBV-positive group (P = 0.001).

Histologically, the MC subtype was significantly more fre-
quent in the EBV-positive group than in the EBV-negative
group (80% vs. 24%, P < 0.001) while the NS subtype was
significantly more frequent in the EBV-negative group (69%
vs. 13%, P < 0.001).

Therapeutic response

A total of 265 patients received combination chemotherapy
consisting of first-line treatment regimens as follows: doxo-
rubicin, bleomycin, vinblastine, and dacarbazine (ABVD; 198
patients); cyclophosphamide, vincristine, procarbazine, and
prednisone (C-MOPP; 18 patients); bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine,
and prednisone (BEACOPP; 6 patients); and cyclophospha-
mide, doxorubicin, vincristine, and prednisone (CHOP; 19
patients). Twenty-four patients received other types of com-
bination chemotherapy (Table 1).

One hundred and thirty-seven patients received radiation
therapy, and 128 received both chemotherapy and radiation.
In total, 80% patients (206 of 259) with CHL achieved a
complete response with the initial therapy, 15% achieved

Table 3 Risk factors for Overall Survival

partial response, 2% showed no response and 3% had pro-
gressive disease. There was no significant difference in
response to therapy between the two groups.

Survival

There was no significant difference in OS between CD20-
positive and -negative CHL cases (P = 0.87) and the 5-year
OS rate was 75% and 79% respectively. Also, there was no
significant difference in PFS between CD20-positive and
-negative CHL cases (P = 0.38) and the 5-year PFS rate was
73% and 61% respectively. The rates of death within 24
months were 5% and 9%, respectively (Table 1). Also, when
we analyzed the effect of CD20 status on survival within
EBV-positive and -negative patient groups, there were no
significant differences in OS between the CD20-positive and
-negative cases (EBV-positive group, P=0.77; EBV-negative
group, P = 0.75).

Patients with EBV-positive CHL showed a tendency to poor
prognosis in terms of OS compared with EBV-negative
patients, but without statistical significance (P = 0.09). The
PFS showed no significant difference between EBV-positive
and -negative cases (P = 0.3) (Supplemental Table S2). IP|
was successful in the stratification of the OS of CHL cases in
this analysis (P < 0.0001).

Prognostic factors
Analyses of prognostic factors are shown in Tables 3 and 4.

Univariate analysis identified 11 prognostic factors for OS in
CHL patients: age (P = 0.049), involvement of more than one

Univariate analysis

Multivariate analysis

Variable HR 95% Cl P HR 95% Cl P

Age > 60 years 1.78 1.00-3.18 0.049* 0.66 0.15-2.93 0.583

Male-sex 1.33 0.72-2.46 0.36

Extranodal sites > 1 3 1.59-5.65 0.001*

Stage lIl, IV 3.10 1.68-5.73 <0.001* 0.48 0.06-3.83 0.492

Presence of B symptoms 2.35 1.36-4.06 0.002* 21.2 1.32-340 0.031*

Performance status > 1 3.42 1.92-6.08 <0.001* 8.32 1.34-51.5 0.023*

WBC > 15000/mm? 0.97 0.41-2.28 0.94

Hemoglobin < 10.5 g/dL 2.41 1.35-4.28 0.003* 0.28 0.02—-4.09 0.355

Platelet < 150 000/mm? 2.32 1.02-5.26 0.044* 24.7 1.73-353 0.018*

Serum Albumin level < 3.5 g/dL 5.73 3.07-10.7 <0.001* 1.91 0.10-38.2 0.671

Elevated LDH 2.03 1.15-3.6 0.015* 13.8 1.37-138 0.026*

slL-2R > 4000 U/mL 4.08 1.31-12.7 0.015* 1.22 0.28-5.35 0.788

1Pl (HI/H) 3.35 1.87-6.02 <0.001*

CD20 1.06 0.52-2.18 0.87 2.03 0.12-33.3 0.618

EBV 1.6 0.93-2.76 0.092 7.00 1.07-45.8 0.042*
*P < 0.05.

95% Cl, 95% confidence interval; H, high risk; HI, high-intermediate risk; IPI, international prognostic index; LDH, lactate dehydrogenase; sIL-2R,

soluble IL-2 receptor.
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Univariate analysis

Multivariate analysis

Variable HR 95% ClI P HR 95% ClI P

Age > 60 years 0.83 0.48-1.45 0.52

Male sex 1.26 0.76-2.09 0.37

Extranodal sites > 1 2.41 1.35~4.27 0.003"

Stage i, IV 2.21 1.38-3.56 0.001* 2.07 1.14-3.73 0.016*

Presence of B symptoms 1.47 0.92-2.34 0.10

Performance status > 1 1.78 1.01-3.16 0.047* 1.45 0.74-2.84 0.283

WBC > 15000/mm?® 0.95 0.43~2.09 0.90

Hemoglobin < 10.5 g/dL 1.82 1.08--3.06 0.024* 1.15 0.58-2.32 0.686

Platelet < 150 000/mm? 1.43 0.65-3.16 0.37

Serum Albumin level < 3.5 g/dL 2.36 1.37-4.04 0.002* 1.47 0.74-2.91 0.274

Elevated LDH 1.15 0.71-1.87 0.58

siL-2R > 4000 U/mL 1.97 0.76~5.10 0.16

IPI (HI/H) 1.58 0.92-2.73 0.099

CD20 0.74 0.38~1.44 0.38 0.84 0.40-1.76 0.642

EBV 0.77 0.47-1.26 0.30 0.76 0.43-1.36 0.358
*P < 0.05.

95% Cl, 95% confidence interval; H, high risk; HI, high-intermediate risk; IPI, international prognostic index; LDH, lactate dehydrogenase;

slL-2R, soluble IL-2 receptor.

extranodal site (P = 0.001), advanced clinical stage (Ill/IV; P
< 0.001), presence of B symptoms (P = 0.002), performance
status >1 (P < 0.001), hemoglobin level <10.5 g/dL (P =
0.008), thrombocytopenia (P = 0.044), serum albumin level
<38.5 g/dL (P < 0.001), elevated serum lactate dehydroge-
nase (LDH) level (P = 0.015), elevated soluble IL-2 receptor
>4000 U/mL (P=0.015) and IP! score (high-intermediate and
high risk; P < 0.001). Multivariate analysis found that the
presence of B symptoms (P = 0.031), presence of perfor-
mance status >1 (P = 0.023), thrombocytopenia (P = 0.018),
elevated serum LDH level (P = 0.026), and EBV infection (P
= 0.042) but not CD20-postivity were identified as significant
prognostic factors for OS.

Univariate analysis identified five prognostic factors for
PFS in CHL patients: involvement of more than one
extranodal site (P = 0.003), advanced clinical stage (llI/1V;
P = 0.001), performance status >1 (P = 0.047), hemoglobin
level <10.5 g/dL. (P = 0.024), and serum albumin <3.5 g/dL (P
= 0.002). On multivariate analysis, only advanced clinical
stage (lI/IV; P = 0.016) was proven to be of independent
prognostic impact on PFS.

New prognostic model for CHL

The IPI could stratify the prognosis of CHL in this analysis;
however, other factors, including EBV positivity (but not
CD20 positivity), presence of B symptoms, and thrombocy-
topenia in addition to elevated serum LDH level and perfor-
mance status >1 were identified as prognostic factors for OS
on multivariate analysis. We thus attempted to construct a
new prognostic model with these five prognostic factors. We
classified patients into three risk groups with the use of the

Overall survival
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Figure 2 Overall survival of patients with CHL according to our new
prognostic model. This prognostic model could efficiently stratify the
outcomes into 3 groups: patients with 0 or 1 risk factor (low risk,
n = 144), patients with 2 or 3 risk factors (intermediate risk, n = 92),

and patients with 4 or 5 risk factors (high risk, n = 11). e , Low
risk (0—1 adverse factor), n = 144; , Intermediate risk (2-3
adverse factors), n=92; — —-, High risk (4-5 adverse factors), n=
1.

following terms: low risk, 0 or 1 adverse factor; intermediate
risk, 2 or 3 factors; high risk, 4 or 5 factors. This novel
prognostic model for CHL could stratify the prognosis of
patients with CHL (P < 0.0001). For 144 patients (58%)
classified into the low-risk group, 5-year OS was 91%. For 92
patients (37%) in the intermediate group, 5-year OS was
66%; for 11 patients (5%) in the high-risk group, 5-year OS
was 36% (P < 0.0001; Fig. 2).

DISCUSSION

In this study, EBV positivity (but not CD20 positivity), the
presence of B symptoms, presence of performance status >1,
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Table 5 Summary of previous studies about the prognostic effect of CD20 expression in CHL

Total number of

% of CD20*

Prognostic outcome  Prognosis of

Reference Country/region cases cases measures CD20* cases % of EBV* cases
Tzankov Innsbruck, Austria 119 20% FFS, OS Favorable 26%, No correlation
et al?® with CD20 expression
Canioni Paris, France 59 32% Association with Favorable No data
et al®? refractory status
Rassidakis  Texas, USA; Milan 598 22% FFS No prognostic No data
et al® and Verona, ltaly; effect
Athens, Greece
Molot et al*®  Florida, USA 46 (only stage 1 & 1l 20% FFS, 08 No prognostic No data
who were treated by effect
radiotherapy alone)
including 3 cases
of NLPHL
Portlock New York, USA 248 1% TTF, OS Unfavorable No data
etal®
Aldred Sao Paulo, Brazil 238 14% FFS, OS Unfavorable  41%, Significant positive
et al?® correlation with CD20

expression

FFS, failure-free survival; OS, overall survival; TTF, time to treatment failure.

thrombocytopenia, and elevated serum LDH level were inde-
pendent poor prognostic factors for OS in CHL patients. Our
new prognostic model including these five adverse factors
could stratify the prognosis of CHL patients with very high
statistical significance (P<0.0001). B symptoms (unexplained
fever, night sweats, or weight loss) are associated with
increased plasma levels of cytokines such as IL-6 which is
reported to be associated with inferior survival in Hodgkin
lymphoma patients.? Possible etiolagies of thrombocytopenia
during the course of the disease include the toxic effects of
chemotherapy regimens, therapy-related myelodysplastic
syndrome, heavy bone marrow infiltration and/or hypersplen-
ism in patients with relapsed/refractory disease.?* Elevated
serum LDH reflects tumor burden and cellular turnover in
several malignancies, including germ cell tumors, sarcomas
and non-Hodgkin lymphoma. Therefore, it has been recog-
nized as a poor prognostic factor and as a tumor marker.®
EBV is an important factor involved in the pathogenesis of
Hodgkin lymphoma and therefore worthy of its inclusion in a
prognostic model for CHL. Our prognostic model was estab-
lished in a single center cohort, therefore future investigations
are thus warranted to determine whether it can be applied to
other clinical cohorts.

This study was done on 389 consecutive cases of CHL.
Seventy-four cases (19%) were CD20-positive which was
within the reported range 5%—50% of CHL patients.®'*'” We
found that the CD20-postive cases were different from CD20-
negative cases regarding the age at onset and the frequency
of EBV association with no significant difference in OS or PFS
between the two groups. Aldred et al.?® also found significant
positive correlation between CD20 expression and the asso-
ciation with EBV while Bai et al.?” suggested the possible
down regulating effect of EBV infection on the expression of

CD20 on HRS cells. One other report by Tzankov et al.28 found
no association between EBV infection and expression of
CD20. ,

Aldred ef al?® reported poor prognostic impact of CD20
expression in HRS cells on OS in patients aged 21-40
years. In our data, even after grouping the patients into
different age groups, no prognostic value of CD20 could be
detected regarding OS on univariate and multivariate analy-
ses. We also analyzed the effect of CD20 status on OS
according to the treatment regimens. For those patients
who received ABVD combined chemotherapy and those
who received other regimens, there was no significant dif-
ference in OS in CD20-positive and CD20-negative cases
in both groups (ABVD group, P = 0.98; other chemothera-
peutic regimens group, P = 0.46). Portlock ef al?® reported
poorer OS in CD20-positive CHL cases in ABVD chemo-
therapy receiving group (P = 0.02) but not in other chemo-
therapy receiving group (P = 0.41). The effect of CD20
status on survival was also investigated in EBV negative
and EBV-positive CHL. Yet, there was no difference in
survival between CD20-positive and -negative cases even
after adjustment of age.

The effect of CD20 expression on the prognosis of patients
with CHL. is controversial, some reports found it related to
worse prognosis,?®?° others didn’t detect a significant effect on
prognosis,®®3! while few other reports found it related to better
prognosis.23% Controversial data in the literature are possibly
due to tissue sampling, different therapeutic approaches or
may reflect geographic particularities (Table 5).

In our study, the frequency of CD20 expression in the MC
subtype was higher than other subtypes; however, this did
not reach statistical significance. This was in agreement with
the study conducted by Tzankov et al.® and by Aldred et al.?®
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who in addition found significant positive association of CD20
expression with the MC subtype.

EBV infection is believed to play a crucial role in the patho-
genesis of Hodgkin lymphoma being associated with activa-
tion of multiple signaling pathways, and the dysregulation of
several transcription factors.'® Despite East Asian countries
have low incidence of Hodgkin lymphoma compared to USA
and Europe, the association with EBV is higher in the East
Asian patients than in the American and European patients.®

in this study, EBV-positive CHL constituted 44% of
patients. The percent of EBV-positive CHL cases varies
between developed and developing countries. In North
America and European countries, the reported proportion of
EBV-positive CHL cases varies from 26-50%, %435 while in
developing countries the proportion of EBV-positive CHL is
higher.3657

EBV-positive patients were more likely to have MC subtype
than EBV-negative patients who had more frequently NS
subtype. This finding was in agreement with some other
studies.?*3% The clinical features of our EBV-positive CHL
patients were in keeping with the results of previous
reports. 3441

The effect of EBV association on the prognosis of CHL was
previously investigated, but the results are controversial.
Some reports found negative impact of EBV infection on the
prognosis,?3441-4% while others found no significant effect on
prognosis.“~*" Other reports found favorable prognostic
impact of EBV association in CHL.%4-5 This might be due to
the heterogeneous nature of the disease, the used therapeu-
tic protocol and the age distribution of patients. In our series,
we found a tendency to poor prognosis in term of OS in
EBV-positive CHL patients compared with EBV-negative
patients, but without significance by the log-rank test (P =
0.09). In multivariate analysis we identified EBV positivity (but
not CD20 positivity), the presence of B symptoms, presence
of performance status >1, thrombocytopenia, and elevated
serum LDH level as independent poor prognostic factors for
OS in CHL patients. The poor prognostic impact of EBV on
OS in multivariate analysis was also reported in other
studies. 42

The IPI score was successful in stratification of the OS of
CHL cases in this analysis. Only two of five prognostic factors
in our analysis, namely elevated serum LDH level and the
presence of performance status >1, were adopted in IPI;
thus, the attempt to construct a new prognostic model with
newly identified factors might be reasonable. Our novel prog-
nostic model included EBV infection, which is an important
factor involved in the pathogenesis of Hodgkin lymphoma
and thus, it is quite reasonable to be included. EBV-positive
CHL is significantly associated with older age at onset; thus,
it may be more adequate to substitute the age >60 factor of
IPl with the EBV status. Because EBV infection prevails in
developing and East Asian countries, our new prognostic

CD20 expression & EBV association in CHL 343

model may be more applicable for patients from these coun-
tries. We recommend examination of EBV association in CHL
patients in routine pathologic practice especially in East
Asian and developing countries.
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Concurrent chemoradiotherapy has become one of the standard management
approaches for newly diagnosed localized nasal natural killer (NK)/T-cell lym-
phoma (NKTCL). Few data are available on the prognostic biomarkers of NKTCL
among patients treated with concurrent chemoradiotherapy. To evaluate the
prognostic significance of immunophenotypic biomarkers for patients treated
with concurrent chemoradiotherapy, latent membrane protein 1 (LMP1), cuta-
neous lymphocyte antigen (CLA) and cell origin were examined in samples
from 32 patients who were enrolled in the Japan Clinical Oncology Group
0211 trial and treated with concurrent chemoradiotherapy. LMP1 and CLA were
positive in 66% (19/29) and 29% (9/31) of the cases examined, respectively.
The median follow-up duration was 68 months (range, 61-94). The patients
with LMP1-positive tumors showed a better overall survival (0OS) than the
patients with LMP1-negative tumors (hazard ratio, 0.240; 95% confidence inter-
val [Cl], 0.057-1.013; 80% Cl, 0.093-0.615; P = 0.035). All five patients with
LMP1-negative tumors who experienced disease progression died of lymphoma,
and both patients with local failure had LMP1-negative tumors. There was no
significant difference in OS according to CLA expression. A total of 27 (84%)
cases were of NK-cell origin, two were of af T-cell origin and three were of
vé T-cell origin. In contrast to those with tumors of NK-cell origin, all five
patients with NKTCL of T-cell origin were alive without relapse at the last fol-
low up. Our results indicate that LMP1 expression is a favorable prognostic
marker and suggest that a T-cell origin of the tumor may be a favorable prog-
nostic marker for patients with localized NKTCL treated with concurrent
chemoradiotherapy.

E xtranodal natural killer (NK)/T-cell lymphoma (NKTCL),
nasal type, is a predominantly extranodal lymphoma asso-
ciated with Epstein—Barr virus (EBV).(I’?‘) The tumor cells in
most cases of NKTCL show an NK-cell phenotype,™*® while
some cases show a T-cell phenotype, including v& T-cell and
af T-cell types.(3‘4)

Tumor cells of NKTCL express P-glycoprotein, resulting in
tumor multidrug resistance.®~" The outcomes after treatment
with cyclophosphamide, doxorubicin, vincristine and predni-
sone (CHOP) or with CHOP-like chemotherapy for localized
nasal NKTCL are unsatisfactory.®'? Based on the results of
clinical trials published in 2009,%%1? concurrent chemoradio-

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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therapy has been recognized as one of the standard manage-
ment approaches for newly diagnosed localized NKTCL.3~1%
In Japan, the Lymphoma Study Group of the Japan Clinical
Oncology Group (JCOG-LSG) conducted a phase I/II study
(JCOGO211) of radiotherapy (RT) and dexamethasone, etopo-
side, ifosfamide and carboplatin (DeVIC) (RT-DeVIC) for
newly diagnosed localized nasal NKTCL.4'® In patients
who were treated with the recommended dose (RT-2
/3DeVIC), the 5-year overall survival (OS) and the 5-year pro-
gression-free survival (PFS) were 70 and 63%, respectively.®®
Subgroup analysis further revealed that both the international
prognostic index!” and the NK/T-cell lymphoma prognostic

Cancer Sci | November 2014 | vol. 105 | no. 11 | 1435-1441
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index"®  were not valid for the patient cohort of

JCOG0211,9Y and similar results of a subgroup analysis were
obtained in a phase II study of concurrent chemoradiotherapy
in Korea.!'?

Latent membrane protein 1 (LMPI),“Q“”) cutaneous lym-
phocyte antigen (CLA),*** NK-cell origin®*?” and
EBV-encoded RNA (EBER) in the pretreatment bone mar-
row (BM), as detected by in situ hybridization,”® have all
been reported as prognostic biomarkers in patients with
NKTCL who have been treated with conventional therapies.
However, the prognostic significance of these biomarkers
remains unclear, as most patients with NKTCL in previous
studies were treated with heterogeneous treatment modali-
ties. Because concurrent chemoradiotherapy is a new treat-
ment modality for lymphoma, few data are available on the
prognostic biomarkers of NKTCL among patients treated
with concurrent chemoradiotherapy.

To evaluate the prognostic significance of immunopheno-
typic biomarkers among patients treated with concurrent che-
moradiotherapy, we conducted an ancillary clinicopathologic
study of the JCOGO0211 trial.

Fig. 1.

www.wileyonlinelibrary.com/journal/cas

Materials and Methods

Patients, treatment and tissue samples. The subjects in this
study included 33 patients who were enrolled in the JCOG0211
trial. The design of the JCOGO0211 trial has previously been
described in detail. " Briefly, patients were eligible for the
study if they were 20 to 69 years old and had previously
untreated extranodal NKTCL, nasal type.”” Patients were also
required to have stage IE or contiguous stage IIE disease with
cervical lymph node involvement and at least one measurable
lymphomatous lesion in the nasal cavity and/or its adjacent
sites. Patients received RT-DeVIC therapy consisting of RT of
50 Gy and three cycles of DeVIC chemotherapy. A two-thirds
dose of DeVIC was selected for 27 patients who were evaluated
in the phase II portion of JCOG0211. A full-dose of DeVIC was
selected for six patients in the phase I portion. Among 33 cases,
four cases had been included in a previous single-center study
analyzing LMP1 expression in tumor cells of NKTCL.@)

Sections of formalin-fixed, paraffin-embedded tissues of pre-
treatment lymphoma and BM samples were collected from the
patients. The histological diagnoses of all patients were

(a) H&E staining in NK/T-cell lymphoma (NKTCL) of y8 T-cell origin (57-year-old male patient). Medium to large sized tumor cells with

necrosis are seen. {b) H&E staining in NKTCL of y§ T-cell origin (34-year-old male patient). Tumor cells have an angiocentric angiodestructive
quality. (¢) In situ hybridization study for NKTCL of y3 T-cell origin (57-year-old male patient). Tumor cells are positive for Epstein-Barr virus
encoded RNA (EBER). (d) Neoplastic tissue from the nasal cavity of a 39-year-old female patient with NKTCL of NK-cell origin. The neoplastic cells
are positive for latent membrane protein 1 (LMP1). (e) Neoplastic tissue from the oral cavity of a 57-year-old male patient with NKTCL of NK-cell
origin. The neoplastic cells are positive for cutaneous lymphocyte antigen (CLA). (f) Bone marrow tissue from a 34-year-old male patient with
NKTCL of v§ T-cell origin. There are a small number of EBER-positive cells (red arrows). (g-i) Neoplastic tissue from the nasal cavity of a 55-year-
old male patient with NKTCL of y3 T-cell origin. The neoplastic cells are positive for LMP1 (g), CLA (h) and T-cell receptor v (i).

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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confirmed as extranodal NKTCL, nasal type by the Central
Pathology Review Board."" All immunohistopathological
examinations for the current ancillary study were performed at
the Central Pathology Office of the ancillary study (Okayama
University Hospital, Okayama, Japan).

The current study was approved by the JCOG Proto-
col Review Committee and the institutional review board at
each study site. Informed consent was obtained from all
patients in accordance with the Declaration of Helsinki.
All data on baseline features, treatment details, response and
follow up were retrieved from the original JCOG0211 dataset.

Immunohistochemical analysis. Immunohistochemical stain-
ing was performed on sections of formalin-fixed, paraffin-
embedded tissues of pretreatment lymphoma samples with
heat-induced or trypsin-induced epitope retrieval using an avi-
din-biotin complex method and an automated immunostainer
(Bond-max, Leica Biosgstems, Melbourne, Vic., Australia), as
previously described.®” The following primary antibodies
were used to assess these samples: LMP1 (CS1-4, 1:50,
Novocastra, Newcastle-upon-Tyne, UK), T-cell receptor
(TCR) B (BF1; TCR1151, 8A3, 1:50, Thermo Scientific, Wal-
tham, MA, USA), TCRy chain constant region (CyMl1;
TCR1153, +v3.20, 1:80, Thermo Scientific) and CLA
(HECA452, 1:10) as previously described.@®?%

For the LMP1 antigen, samples were determined to be posi-
tive when the lymphoma cells were positive according to the

Original Article
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methods described by Kanemitsu ef al. ?V. For BFl, CyM1
and CLA expression, samples in which 30% or more of the
cells expressed the antigen were scored as positive, as previ-
ously described.®**” A preliminary evaluation for the study
showed that staining for TCRy and TCRS was concordant in
all cases.® Cases were considered to be of NK-cell origin if
both TCRP and TCRy expression was not observed. Cases
with positive staining for one or both of the antibodies (TCRf
and TCRY) were determined to be of T-cell origin.?*”

In situ hybridization. Pretreatment BM specimens from
patients were examined for EBER. In situ hybridization with
EBER-1 probes (JNFORM EBER, Leica Biosystems, Mel-
bourne, Victoria, Australia) was performed to detect EBV.?®

Statistical analysis. Survival estimates were calculated using
the Kaplan—-Meier method. Hazard ratios (HR) and 80 and
95% confidence intervals (CI) were estimated using a Cox
regression. All of the analyses were performed using IBM
SPSS Statistics 20.0 (IBM Japan, Tokyo, Japan).

Results

Expression of biomarkers. Pathological samples from 32 out
of 33 patients were available for this study. Tissue samples
from the remaining patient were exhausted during the Central
Pathology Review and, therefore, were no longer available for
the current study. This patient was a 33-year-old woman with

Table 1. Clinical features according to each biomarker expression
All Patients LMP1 CLA Cell Origin
n =32 (%)

Positive n = 19 Negative n = 10

Positive n = 9

Negative n = 22 NK-cell type n =27  T-cell typen=75

Age at Diagnosis, n (%)

<60 25 (78) 15 (79) 8 (80)

>60 7 (22) 4 (21) 2 (20)
Sex, n (%)

Male 19 (59) 9 (47) 3 (30)

Female 13 (41) 10 (53) 7 (70)
PS, n (%)

Oort 30 (94) 17 (89) 10 (100)

>1 2 (6) 2(11) 0(0)
Serum LDH Level, n (%)

<Normal 25 (78) 15 (79) 7 (70)

>Normal 7 (22) 4 (21) 3 (30)
B Symptoms, n (%)

Absent 20 (63) 13 (68) 5 (50)

Present 12 (37) 6 (32) 5 (50)
Stage, n (%)

IE 22 (69) 12 (63) 8 (80)

11E 10 (31) 7 (37) 2 (20)
skin Involvement, n (%)

Absent 18 (56) 14 (74) 3 (30)

Present 14 (44) 5 (26) 7 (70)
IPI, n (%)

0 19 (59) 11 (58) 6 (60)

1 10 31) 6 (32) 3(30)

2 3(9) 2(11) 1(10)
NK-PI, n (%)

0 11 (34) 7 (37) 3 (30)

1 9 (28) 4 (21) 4 (40)

2 9 (28) 7 (37) 1(10)

3 3(9) 1(5) 2 (20)

8 (89) 16 (73) 21(78) 4 (80)
1(11) 6 (27) 6 (22) 1 (20)
9 (100) 10 (45) 12 (44) 1 (20)
0 (0) 12 (55) 15 (56) 4 (80)
9 (100) 20 (91) 25 (93) 5 (100)
0(0) 2(9) 2(7) 0 (0

7 (78) 17 (77) 20 (74) 5 (100)
2(22) 5 (23) 7 (26) 0 (0)

4 (44) 15 (68) 16 (59) 4 (80)
5 (56) 7 (32) 11 (41) 1 (20)
5 (56) 16 (73) 20 (74) 2 (40)
4 (44) 6 (27) 7 (26) 3 (60)
4 (44) 14 (64) 13 (48) 5 (100)
5 (56) 8 (36) 14 (52) 0 (0)

6 (67) 12 (55) 15 (56) 4 (80)
3 (33) 7 (32) 9 (33) 1 (20)
0 {0) 3(14) 3(11) 0 (0)
1(11) 9 (41) 9 (33) 2 (40)
5 (56) 4(18) 8 (30) 1 (20)
2(22) 7 (32) 7 (26) 2 (40)
1011 2(9) 3(11) 0 (0)

CLA, cutaneous lymphocyte antigen; IP!, international prognostic index; LDH, lactate dehydrogenase; LMP1, latent membrane protein 1; NK-PI,

NK/T-cell lymphoma prognostic index; PS, performance status.
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stage IIE NKTCL who obtained a complete response (CR) by
RT-(full-dose) DeVIC and was alive at the last follow-up
examination (86 months). Pretreatment BM samples were
obtained from 29 of the 32 patients.

The immunohistochemical features of these samples are
shown in Figure 1. LMP1 and CLA were positive in 66% (19
/29) and 29% (9/31) of the cases examined, respectively.
Among the 32 cases that were examined to determine cell line-
age, 27 (84%) cases were of NK-cell origin. Two (6%) cases
were of aff T-cell origin on the basis of TCR immunoreactiv-
ity but not TCRy, and 3 (9%) cases were of y8 T-cell origin
due to the presence of TCRy immunoreactivity but not TCRf
immunoreactivity. Pretreatment BM samples were positive for
EBER in 2 (7%) out of 29 cases examined. One of the two
EBER-positive cases had two positive cells in a total field of
view. Another case had three to five positive cells/high-power
field. Positive cells were small to medium sized cells and were
diffusely distributed in the latter case.

The Central Pathology Review of JCOGO0211 confirmed that
tumor cells in 29 out of the 32 cases were positive for EBER.
Tissue samples of the remaining three cases were not evalu-
able for EBER. The current study revealed LMP1 expression
in tumor cells of all the remaining three cases, indicating that
all 32 cases were associated with EBV.

In the 29 patients whose samples were available for analysis
of LMP1 and CLA expression, tumors from four patients were
positive for both antigens, tumors from 15 patients were positive
for LMP1 only, tumors from four patients were positive for CLA
only, and tumors from six patients were negative for both anti-
gens. In the three patients with NKTCL of yd T-cell origin, two
samples contained cells that were positive for both LMP1 and

www.wileyonlinelibrary.com/journal/cas

CLA, and one sample contained cells that were negative for both
antigens. Of the two cases of off T-cell origin, one showed an
LMP1-positive and CLA-negative immunophenotype, while
another case was positive for both LMP1 and CLA. In two
patients whose BM samples were positive for EBER, one had
NKTCL of NK-cell origin that was negative for LMP1 and
CLA, and the other had NKTCL of v T-cell origin that was
positive for both LMP1 and CLA.

Clinical features according to the expression of each biomar-
ker. The baseline clinical characteristics according to the
expression of each biomarker are shown in Table 1. All CLA-
positive tumors in the study were from male patients. Skin
involvement prior to treatment was frequently observed in the
patients with LMP1-negative tumors (odds ratio [OR], 6.533
[95% CI, 1.200-35.573]). All five patients with NKTCL of T-
cell origin showed no skin involvement at baseline (OR, 0.722
[95% CI, 0.542-0.962]). No significant correlation was
observed between the induction of CR and the expression of
each biomarker (data not shown).

Survival analysis. The median follow-up duration was
68 months (range, 61-94). The OS was better in the LMPI-
positive group than in the LMPl-negative group (HR, 0.240;
95% CI, 0.057-1.013; 80% CI, 0.093-0.615; P = 0.035,
Fig. 2). The OS at 5 years was 84% in the LMP1-positive
group and 50% in the LMPIl-negative group. The PFS at
5 years was 74% in the LMP1-positive group and 50% in the
LMP1-negative group. The HR of PFS among LMPI-positive
tumors was 0421 (95% CI, 0.121-1.463; 80% CI, 0.187-
0.950). There were no significant differences in the OS and the
PES between the CLA-positive and CLA-negative groups
(5-year OS, 56 vs 77%; S-year PFS, 56 vs 68%, Fig. 2). All

(a) (b)
S L LMP1 + (n = 19) g 100 LMP1 + (n = 19)
s 801 ° =
T IR
2 60 ooy 2% 60
= 8 .2 .
2 40 Lvpi LMP1 — (n = 10) ® % 40 LMP1 — (n = 10)
© HR, 0.240 23 , 0.
@ 20 1(95% Cl, 0.057-1.013; 80% Cl, 0.093-0.615) 7 20 1(95% Cl, 0.121-1.463; 80% CI, 0.187-0.950)
5] P=0.035 o P=0.16
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
(¢ (d)
< 100 100
s CLA-(n=22) 2 CLA - (n=22)
T 80 & 80
z é é e —
g 60 S = 60
= @ > =
2 40 {cLax CLA*(n=9) g 2 40 1o« CLA*(n=9)
[ HR, 2.048 o3 HR, 1.340
@ 20 {(95% Cl, 0.548-7.656; 80% Cl, 0.866—4.847) < 20 1 (95% Cl, 0.392-4.588; 80% Cl, 0.600-2.995)
3 P=028 o P=0.64
0 12 24 36 43 60 72 84 96 0 12 24 36 48 60 72 84 96
(e) 6}
& 100 o 100 ‘
< T cell (n=5) o T cell (n = 5)
s 80 S 80 1
> S
2 5=
s 60 _ 2% 60
5 NK cell (n = 27) ?, s NK ool (n = 27)
= 40 InNKcel: £ 2 409 nKcan . . .
© HR, 27.392 2a HR, 27.874 Fig. 2. (a,c.e) Overall survival curves of patients
g 20 g§°€ ?fl; 0.018-4.2x 10%,80% C1, 0.226-3319) & 20 (959, Cl, 0.041-1.9 x 10% 80% Cl, 0.392-1984) with NK/T-cell lymphoma (NKTCL) by latent
(e} — p=011 membrane protein 1 (LMP1) expression (a),
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 cutaneous lymphocyte antigen (CLA) expression (c)

Time (months)
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Time (months)

and cell-of-origin (e). (b,d,f) Progression-free
survival curves of patients with NKTCL by LMP1
expression (b), CLA expression (d) and cell-of-origin
).
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Table 2. Characteristics and biomarker expression of the 11 patients who experienced disease progression or recurrence during follow-up

Age/Sex Stage LMP1 CLA rgsvpeorfxlsle Site(s) of recurrence Salvage therapy 0OS, mo PFS, mo Outcome
57/F IIEA + - PD Liver, spleen, BM None 3 2 DOD
21/M IEA + - PD LN Chemotherapy for ALL, CBT 69 3 AND
57/F IIEA + - (R LN, stomach L-asp/VCR/DMS, Allo PBSCT 68 8 AND
57/M HEB + - CR BM, PB CMED, L-asp/VCR/DMS, EPOCH 34 31 DOD
38/M IEB + + CR LN, liver, spleen, ascites mPSL, ETP, FCM 29 18 DOD
58/M IEB - + CR Skin ESHAP, RT, CHOP 19 1 DOD
63/F IEA — - PD CNS, nasal cavityt, parotid MTX/AraC it, IVAC, HD-MTX, 13 1 DOD
gland, PB, subcutaneous tissue DeVIC, CHOP
57/M IEA - + CR LN, skin, BM L-asp/VCR/DMS 7 4 DOD
58/F IEA - - PR Skin, kidney, LN ESHAP 6 4 DOD
60/M IEB - + SD Eye, nasal cavityt, skin None 7 6 DOD
45/M IIEB ND - PD Gallbladder, BM None 3 2 DOD

ALL, acute lymphoblastic leukemia; Allo PBSCT, allogeneic peripheral blood stem cell transplantation; AND, alive with no evidence of disease;
AraC, cytarabine; BM, bone marrow; CBT, cord blood transplantation; CLA, cutaneous lymphocyte antigen; CHOP, cyclophosphamide, doxorubi-
cin, vincristine, and prednisone; CMED, cyclophosphamide, methotrexate, etoposide, and dexamethasone; CNS, central nervous system; CR, com-
plete response; DeVIC, dexamethasone, etoposide, ifosfamide, and carboplatin; DOD, died of disease; EPOCH, etoposide, prednisone, vincristine,
cyclophosphamide, and doxorubicin; ESHAP, etoposide, methylprednisolone, cytarabine, and cisplatin; ETP, etoposide; FCM, fludarabine, cyclo-
phosphamide, and mitoxantrone; HD, high dose; it, intrathecal; IVAC, ifosfamide, etoposide, and cytarabine; L-asp/VCR/DMS, L-asparaginase,
vincristine, and dexamethasone; LMP1, latent membrane protein 1; LN, lymph node, mPSL, methylprednisolone; MTX, methotrexate; ND, not
done; OS, overall survival; PB, peripheral blood; PD, progressive disease; PFS, progression-free survival; PR, partial response; RT, radiotherapy; SD,

stable disease. All 11 cases were of NK-cell origin. fLocal failure.

five patients with NKTCL of T-cell origin achieved a CR by
RT-DeVIC and were alive, without relapse, at the time of the
last follow up (Fig. 2). The 5-year OS and PFS in the 27
patients with NKTCL of NK-cell origin were 67 and 59%,
respectively. The two patients whose pretreatment BM samples
were positive for EBER survived for more than 5 years with-
out disease progression.

Characteristics and biomarker expression in patients who expe-
rienced disease progression or recurrence. During the follow-up
period, 11 of the 33 patients who were enrolled in JCOG0211
experienced disease progression or recurrence. Detailed clinical
information and biomarker expression for these cases are pre-
sented in Table 2. Among the 5 LMP1-positive patients, two
patients achieved a second CR using L-asparaginase-containing
chemotherapy followed by allogeneic hematopoietic stem cell
transplantation and attained long-term survival. In contrast, all
five patients whose tumors were LMPl-negative and who
experienced disease progression died within 19 months of the
initial registration. In JCOGO211, only two patients experi-
enced local failure,'® and the present study revealed that both
of these cases were LMP1-negative (Table 2).

Discussion

The current study showed that LMP1 expression in tumor
cells was associated with OS in patients with newly diag-
nosed localized NKTCL who were treated uniformly with
concurrent chemoradiotherapy. Of note, all five patients with
NKTCL of the T-cell type, including three patients with
NKTCL of the y6 T-cell type, survived more than 5 years
without recurrence.

Although NKTCL is associated with a type II EBV latency
program,®? the expression levels of LMP1 in NKTCL is vari-
able at the single-cell level.®®*'*% In addition, there have
been conflicting results in previous studies analyzing the prog-
nostic significance of LMP1 expression in NKTCL. A single-
center study of 58 patients with NKTCL (advanced disease,
n=12) in China reported that patients with LMPI-positive

Cancer Sci | November 2014 | vol. 105 | no. 11 | 1439

tumors showed significantly worse survival.®® Another study
from China, which included 16 patients with NKTCL
(advanced disease, n = 2), reported that patients whose tumors
exhibited high LMP1 expression (81-100% of tumor cells)
showed significantly shorter survival.®® In contrast, one sin-
gle-center study from Japan, which included 30 patients with
NKTCL (advanced disease, n = 7), showed a favorable out-
come for patients whose tumors were LMP1-positive compared
to patients whose tumors were LMPl-negative.?? Possible
explanations for the incongruence in these reported results
include the heterogeneous therapeutic approaches used, the dif-
ferences in the incidence of advanced stage, and the use of dif-
ferent criteria for LMP1 positivity.

In the present study, the lack of LMP1 expression was asso-
ciated with a short OS in patients with localized NKTCL who
were treated with RT-DeVIC. Skin involvement was frequently
observed in LMPl-negative cases. All five patients with
LMP1-negative tumors who experienced disease progression
died, and the two patients who experienced local failure in
JCOGO211 had tumors that were LMPIl-negative. Together,
these results indicate that LMPl-negative NKTCL has an
aggressive nature. The lack of detectable LMP1 in aggressive
NK-cell leukemia®’ may also support this assertion. In
LMP1-negative tumors, some researchers speculate that addi-
tional cellular genetic aberrations may be driving a more
malignant tumor phenotgge that no longer requires expression
of the LMP1 oncogene.‘

Differences in prognosis between NKTCL patients with the
NK-cell type and the T-cell type have been the subject of pre-
vious research. Early studies revealed that patients with CD56-
positive NKTCL show signiﬁcantl;l worse survival than those
with CD56-negative NKTCL.?>?% A Chinese group reported
that there was no difference in prognosis between these two
groups.”” However, patients in these studies were treated with
various treatment modalities and different chemotherapeutic
regimens. Recent immunohistochemical analyses using mono-
clonal antibodies against the TCRP, v and & subunits have
shown that some CD56-positive NKTCL cases are actually 3

©® 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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T-cell lymphoma and that NKTCL of T-cell origin exhibits a
trend for better OS than NKTCL of NK-cell origin.” In the
current study, patients were uniformly treated with RT-DeVIC.
Moreover, the origins of the lymphoma cells were determined
immunohistochemically with monoclonal antibodies against
the TCRP and vy subunits, which constitutes a more specific
method of identifying cases of the T-cell type than the previ-
ous approaches. Our current study highlighted the favorable
prognosis of patients with NKTCL of T-cell origin, which sug-
gests that a more effective therapeutic strategy is needed for
NKTCL of NK-cell origin.

CLA is a skin-homing receptor that functions in the adhe-
sion of cells to the vascular endothelium.®® CLA-positive
lymphocytes that migrate to the skin consist mostly of T
cells, but NK cells are also present in this population.®®
Patients with NKTCL often develop skin involvement during
the clinical course of the disease.”’ In the present study, 5
(56%) out of nine patients with CLA-positive tumors also
had skin lesions. Yoshino ef al®® examined CLA expres-
sion in 52 patients with NKTCL, including 14 patients with
advanced disease, and found that CLA expression in
NKTCL was associated with skin involvement and a poor
prognosis.®® A retrospective analysis with a small number
of patients showed similar results in terms of survival.®* In
the present study, CLA expression was not associated with a
poor prognosis. One possible reason is that only patients
with NKTCL localized within the nasal cavity or the naso-
pharyngeal region were included in our study. It is also pos-
sible that the prognosis of patients with CLA-positive
tumors may have been improved by RT-DeVIC.

In the current study, we examined the prognostic signifi-
cance of the presence of EBER in pretreatment BM samples
from patients, partly because testing for BM EBER was not
routinely performed in Japan during the study period (2003-
2006) of the JCOGO0211 trial. Two patients in our study
with EBER-positive pretreatment BM survived more than
5 years without disease progression, which suggests that
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EBER-positive BM did not affect the prognosis of our
JCOGO211 patient cohort.

The current study demonstrated, for the first time, the favor-
able impact of LMP1 expression on the OS of patients with
newly diagnosed localized nasal NKTCL in a cohort of
patients uniformly treated with concurrent chemoradiotherapy.
The limitations of this study include the relatively small num-
ber of patients included, the lack of available data on the EBV
DNA load in the peripheral blood, which has been reported as
a useful biomarker of NKTCL,®>*9 and the possibility of
intermingled TCR silent cases in our NKTCL cases of NK-cell
origin. Although our evaluations were confined to a relatively
small number of patients, these patients were derived from a
uniform cohort and were prospectively treated with the same
therapeutic strategy consisting of RT-DeVIC. The prognostic
values of LMP1 expression and the T-cell origin warrant fur-
ther evaluation in future studies with a larger number of
patients with NKTCL who are treated with concurrent chemor-
adiotherapy.
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Prognostic significance of pleural or pericardial effusion and the
implication of optimal treatment in primary mediastinal large B-cell
lymphoma: a multicenter retrospective study in Japan

Tomohiro Aoki,** Koji lzutsu,® Ritsuro Suzuki,* Chiaki Nakaseko,® Hiroshi Arima,® Kazuyuki Shimada,?
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The prognosis of patients with primary mediastinal large B-cell lymphoma has improved over recent years.
However, the optimal treatment strategy including the role of radiotherapy remains unknown. We retrospectively
analyzed the clinical outcomes of 345 patients with newly diagnosed primary mediastinal large B-cell lymphoma
in Japan. With a median follow up of 48 months, the overall survival at four years for patients treated with R-
CHOP (n=187), CHOP (n=44), DA-EPOCH-R (n=9), 2"- or 3“-generation regimens, and chemotherapy followed
by autologous stem cell transplantation were 90%, 67 %, 100%, 91% and 92%, respectively. Focusing on patients
treated with R-CHOP, a higher International Prognostic Index score and the presence of pleural or pericardial effu-
sion were identified as adverse prognostic factors for overall survival in patients treated with R-CHOP without
consolidative radiotherapy (IPI: hazard ratio 4.23, 95% confidence interval 1.48-12.13, P=0.007; effusion: hazard
ratio 4.93, 95% confidence interval 1.37-17.69, P=0.015). Combined with the International Prognostic Index score
and the presence of pleural or pericardial effusion for the stratification of patients treated with R-CHOP without
radiotherapy, patients with lower International Prognostic Index score and the absence of effusion comprised
approximately one-half of these patients and could be identified as curable patients (95% overall survival at 4
years). The DA-EPOCH-R regimen might overcome the effect of these adverse prognostic factors. Our simple indi-
cators of International Prognostic Index score and the presence of pleural or pericardial effusion could stratify
patients with primary mediastinal large B-cell lymphoma and help guide selection of treatment.

introduction

Primary mediastinal large B-cell lymphoma (PMBL) is char-
acterized by distinct clinical, pathological and genetic features
and comprises a subtype of diffuse large B-cell lymphoma
(DLBCL) according to the current World Health Organization
(WHO) classification.! The disease is more common in
younger females and often presents with bulky mediastinal
mass without extrathoracic spread and pleural or pericardial
effusion.”®

Prior to the introduction of rituximab, the outcomes of
patients treated with anthracycline~-containing chemothera-
pies, including cyclophosphamide, doxorubicin, vincristine

and prednisolone (CHOP), had a suboptimal progression-free
survival (PES) of 38%-52%.°° Several retrospective analyses
revealed that the outcomes of the 2%- and 3“-generation
chemotherapeutic regimens, such as methotrexate, leucov-
orin, doxorubicin, cyclophosphamide, vincristine, bleomycin
and prednisolone (MACOP-B), might be superior to those of
CHOP regimens.”* High-dose chemotherapy followed by
autologous stem cell transplantation (HDT/ASCT) was also
associated with encouraging results (PES >75% for newly
diagnosed PMBL patients).>"*"* These reports indicate that
intensive regimens might be beneficial in a certain proportion
of PMBL patients.

In the rituximab era, the combination of rituximab and
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chemotherapy has improved outcomes in various sub-
types of B-cell lymphoma.®” In the literature, more than
80% of patients with PMBL receiving immunochemother-
apy with or without radiotherapy (RT) also achieved long-
term overall survival (OS).”* Despite the outstanding
advances with R-CHOF, 20%-30% of patients still experi-
ence progression or relapse and have poor outcomes.
Moreover, approximately 80% of long-term survivors
treated with R-CHOP required consolidative RT for resid-
ual mediastinal disease.”*” Considering late adverse events
induced by the mediastinal RT, namely the increased risk
of secondary breast cancer and cardiac toxicity, the risk of
RT should be minimized, especially for younger
patients.***

Recently, Dunleavy er al. reported excellent outcomes
for dose-adjusted etoposide, cyclophosphamide, doxoru-
bicin, vincristine, prednisolone and rituximab (DA-
EPOCH-R) when restricting candidates for RT according
to the results of positron-emission tomography/computed
tomography (PET/CT).” Although outcomes were report-
ed from a phase II trial, the regimen might be a promising
treatment strategy to reduce the risk of RT. Meanwhile,
the DA-EPOCH-R regimen is somewhat complicated and
expensive, requiring continuous infusion for 96 h in each
cycle and frequent evaluation of complete blood counts.
Considering R-CHOP-based regimens without RT could
provide curative potential for a significant proportion of
PMBL patients without hospitalization,” it would, there-
fore, be beneficial to identify the subset of patients that
could be cured with this treatment strategy.

The goal of the present multicenter co-operative retro-
spective study in Japan was to investigate the optimal
treatment strategy for PMBL patients by evaluating the
clinical outcomes in response to various treatments and to
assess a risk-stratified treatment strategy to minimize the
risk of late adverse events in PMBL patients.

Methods

Patients

A total of 363 patients with PMBL newly diagnosed between
May 1986 and September 2012 at one of any of the 65 partici-
pating hospitals in Japan were retrospectively analyzed. We reg-
istered consecutive patients who were diagnosed with PMBL at
each institution in accordance with the WHO classification.'
The time period during which we could collect the clinical data
from each institution varied due to the differences in the length
of time medical records are kept there. Medical record data
since the 1980s were collected from three institutions, while
data since the 1990s and 2000s were available from 10 and 65
institutions, respectively. In this study, PMBL was defined as
patients with a dominant mass within the anterior medi-
astinum, irrespective of the tumor size. In addition, a central
pathological review was performed by a hematopathologist
(SN) for 196 patients for whom histological paraffin-embedded
tissue materials could be provided. Eighteen of the 363 patients
were excluded from analysis due to disease other than PMBL
(n=10) by central pathological review or due to the absence of
important clinical information (n=8). For the remaining patients
who were not available for the central review, the histological
diagnosis of PMBL was re-confirmed by a pathologist at each
institution, according to the current WHO classification.
Therefore, 345 patients were finally analyzed for the present
study. Patients were treated according to each institution’s

treatment standards. The study protocol was approved by the
institutional review boards of Nagoya Daini Red Cross Hospital
where this study was organized and of each participating hos-
pital. The study complied with all the provisions of the
Declaration of Helsinki.

Immunchistochemistry

Immunohistochemistry was performed using formalin-fixed,
paraffin-embedded tissue sections using the avidin-biotin peroxi-
dase complex method. Monoclonal antibodies targeting the fol-
lowing proteins were used: CD20, CD30, CD3, CD10, BCLS,
MUM1 and CD15 (Dako). In addition, programmed cell death lig-
and-1 (PDL1) was evaluated, as previously described.” To evaluate
PDL1, we used a polyclonal rabbit antibody for CD274 (ab82059;
Abcam) according to the manufacturer’s instructions. The cut-off
values for these markers were 20% for CD30, and 30% for Bcl-6,
MUM1 and PDL1.%%

Treatment

Initial treatments were performed based on the physicians’ deci-
sions at each institution, as there had been no uniform treatment
guidelines for PMBL in Japan. Patients who received CHOP or a
CHOP-like regimen, with or without rituximab, were categorized
and analyzed as the R-CHOP or CHOP group, respectively.
Patients who received 2™-/3"-generation treatments were catego-
rized and analyzed as the 2*-/3“-generation regimen group, irre-
spective of the use of rituximab. Patients who received the DA-
EPOCH-R regimen?” were analyzed as the DA-EPOCH-R group.
Patients who underwent consolidative HDT/ASCT after initial
therapy were analyzed as the HDT/ASCT group, irrespective of
the use of rituximab. CHOP- or R-CHOP-based regimens were
mainly selected in 46 institutions. Physicians at six institutions
selected 2*-/3-generation chemotherapeutic regimens other than
CHOP- or R-CHOP-based regimens as the first-line treatment.
HDT/ASCT as the first-line treatment was performed at 13 insti-
tutions. Consolidative RT was performed according to the treat-
ment strategy used at each institution.

Response assessment

Clinical data were collected from case report forms. In principle,
an effusion was evaluated by CT and/or echocardiography, as per
the usual pre-treatment evaluation. Responses were evaluated by
each investigator in accordance with the 1999 International
Workshop Criteria.®

Statistical analysis

Overall survival was defined as the period from diagnosis to
death or last follow up. Progression-free survival (PES) was defined
as the period from diagnosis to disease progression, relapse, death
from any cause, or last date of follow up. Patients who did not
achieve a complete remission (CR) or partial response (PR) were
considered to have primary refractory disease. Eatly relapse was
defined as relapse occurring less than 12 months after diagnosis.
PFS and OS were analyzed using Kaplan-Meier methods and
results were compared using the log rank test. Univariate and mul-
tivariate Cox regression analyses were performed to assess the
effects of prognostic factors. Multivariate analysis was built with
a forward/backward, step-wise method using threshold values for
removal from and addition to the model of P=0.20 and P=0.05,
respectively. The individual factors of IPI were entered into the
model in multivariate analysis. All probability values were two-
sided and had an overall significance level of 0.05. Statistical analy-
ses were performed with Stata SE 12 software (StataCorp LF,
College Station, TX, USA).
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Patients’ characteristics

Patients’ characteristics are summarized in Table 1.
Median age was 32 years (range 17-83 years) and females
were predominant (58%). The median diameter of medi-
astinal mass was 10 cm (range 3-32 cm). Stage /Il disease,
low-risk disease according to the International Prognostic
Index (IPI), and performance status (PS) 0/1 were also pre-
dominant (67%, 52% and 75%, respectively). The pres-

Table 1. Patients’ characteristics.

ence of pleural or pericardial effusion, elevated lactate
dehydrogenase (LDH) level and more than one extranodal
lesion were observed in 46%, 80% and 9% of patients,
respectively. For the patients who had extra-nodal involve-
ment, major extra-nodal sites were lung (n=44), effusion
(n=49) and cardiac (n=28). Pathological features are listed
in Table 1. Lymphoma cells in all patients expressed CD20.
Further, CD30, BCL6, and MUMI1 expression was detected
in71%, 61%, and 96%, respectively. PDL1 was expressed
in 62% of 110 evaluable patients.

. CHOP RG]
Median follow up (months) 48 118 36 19 48 101
Patient number - ' M5 44 187 9 P e R
Age at diagnosis (years)
Median 32 315 33.5 30 31 27
Range 17-83 17-17 17-83 24-64 18-76 17-63
>60 years 47 14 0 23 30 16 1 11 3 7 3 5
Gender,male -~ - = M6 42 18 Al 85 454 4 1 T T AT
PS, 22 847338 25 1242 29 40182 22 3 33 8 18 20 3
Extranodal sites,>1" "~ ~* 64334 19 740 17 3818 0 0 11 24 U15/6 0 2T
Stage, /1 2307342 67 21 6l 133184 72 7 %3l 69 31 54
LDH at diagnosis,=ULN -~ - * 2705337~ .80 3541 .8 - 134/183 73~ 8§ 89 - 37 - 8 54B6 96
B symptoms, present 907337 27 1542 36 40183 22 2 2 1 24 22/55 40
Low o oo ATHB34 o B) o 1940 48 0 103181 57 0 5 56 .26 58 - 21/56 38
‘Low-intermediate - S BABM 25 114028 - 44181 24 3 339 20 1656
High-intermediate =~~~ 43334 13 . 440 10 2118 12 0 O 5 11
High oo oo 0B 0 000 150 8L T bl bl e
Bulky tumor size
Median 10 92 12.6 105 10
=I0cm 166/324 56 84/180 47 6 67 26 59 30756 58
s-IL2R after first-line Lo TAIB05 6T 91T 52 2B 025 170 43 339 8T
Presence of pleural 159/343 35 83/186 43 5 56 23 51 31 54
or pericardial effusion
WBCSIONION T w5l T 05y 5
Hemoglobin, <12 g/dL 119/329 36 1639 4l 5181 31 3 32 47 19/52 37
Platelet count, <150x10VL 20831 6~ 2M0 5 16182 9 0 0 - 0 0 252 4

5

ALC at diagnosis, <0.5x10%L

62321 19

ositive

29180 16

Administration of rituximab
Consolidation RT
Late adverseevent =~~~
Secondary cancer . :
Cardiactoxicity -~

CHOP: cyclophosphamide, adriamycin, vincristine and prednisone; R: rituximab; DA-EPOCH-R: dose-adjusted etoposide, cyclophosphosphamide, doxorubicin, vincristine, pred-
nisolone and rituximab; HDT/ASCT: high-dose chemotherapy followed by autologous stem cell transplantation; PS: performance status; LDH: lactate dehydrogenase; ULN: upper
limit of normal; IPI international prognostic index; s-IL2R: soluble interleukin-2 receptor; WBC: white blood cell count; ALC: absolute lymphocyte count; IHC: immunohistochemical
staining; RT: radiation therapy.




Treatment regimen

In all, 267 patients received rituximab-containing
chemotherapy. CHOP and R-CHOP chemotherapy
groups consisted of 44 and 187 patients, respectively. DA-
EPOCH-R chemotherapy was administered to 9 patients.
In the 2™-/3“-generation regimen group (n=45), 28 patients
received MACOP-B with (n=18) or without (n=10) ritux-
imab, 15 patients received cyclophosphamide, vincristine,
bleomycin, etoposide, doxorubicin and prednisolone
(CyclOBEAP)® with (n=12) or without (n=3) rituximab,
and 2 patients received vincristine, cyclophosphamide,
doxorubicin, ranimustine, vindesine, etoposide carbo-
platin and prednisone JCOG-LSG15 study regimen).* In
the HDT/ASCT group (n=57), 43 patients received ritux-
imab-containing chemotherapy as the initial chemothera-
py. Consolidative RT was given to 42% of all patients.
After approval of the use of rituximab for DLBCL in Japan
in 2008, the use of rituximab-containing regimens rapidly
increased, as shown in Ouline Supplementary Table S1.
There was a moderate decrease in the use of HDT/ASCT
and radiation therapy after initial treatment. The DA-
EPOCH-R regimen was selected in the latest period.

Clinical outcomes

With a median follow up of 48 months in surviving
patients, the OS and PES at four years were 87 % and 70%,
respectively (Figure 1A and B). The OS and PFS of patients
treated with rituximab-containing chemotherapy were
superior to those of patients receiving chemotherapy
without rituximab (4-year OS: 91% vs. 77 %, P<0.001; 4-
year PES: 75% vs. 54%, respectively, P<0.001). There was
no difference in the risk of central nervous system (CNS)
relapse between patients treated with and patients treated
without rituximab as first-line treatment (3.8% vs. 1.3%;
P=0.251). The OS at four years for patients treated with
CHOEP, R-CHOE, DA-EPOCH-R, the 2%-/3%-generation
regimens, and HDT/ASCT was 67%, 90%, 100%, 91%
and 92%, respectively, with median follow-up durations
of 118 months, 36 months, 19 months, 48 months and 101
months, respectively (P<0.001) (Figure 1C); PES at four
years was 40%, 71%, 100%, 83% and 76%, respectively
(P<0.001) (Figure 1D).

Secondary malignancies and cardiac toxicity developed
after treatment in 7 and 10 patients, respectively. The
median age of these 17 patients was 62 years. Seven of 17

Table 2. Risk factors for overall survival, progression-free survival and early relapse for patients treated with R-CHOP without consolidative radium
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OS: overall survival; PFS: progression-free survival; R-CHOP: rituximab, cyclophosphamide, adriamycin, vincristine and prednisone; RT: radiation therapy; HR: hazard ratio; CI: confi-
dence interval; Effusion: pleural or pericardial effusion; PS: performance status; LDH: lactate dehydrogenase; ULN: upper limit of normal; IPI: international prognostic index; s-IL2R:
soluble interleukin-2 receptor; ALC: absolute lymphocyte count.




patients received RT or ASCT as first-line treatment. In
addition, 8 of 7 patients who developed secondary malig-
nancies received RT during the initial series of treatment.
Among the secondary malignancies, myelodysplastic syn-
drome (MDS) or acute myeloblastic leukemia (AML) was
reported in 2 patients. The patient who developed MDS
received HDT/ASCT as a first-line treatment. The patient
who developed AML received CHOP as a first-line treat-
ment and ICE as a salvage treatment. Among the 187
patients treated with R-CHOP, 9 experienced cardiac tox-
icity, and 4 developed a secondary cancer. The median
time to development of a secondary malignancy was 40.5
months (range 9-200 months).

Patients’ characteristics and clipical outcomes in the
R-CHOP group

Detailed characteristics of patients in the R-CHOP
group are shown in Online Supplementary Table S2. We
divided this group into four subgroups according to the
disease status after R-CHOP or R-CHOP-like regimen and
the presence or absence of consolidative RT: namely, R-
CHOP+RT with residual mass, R-CHOP+RT in CR, R-
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CHOP with residual mass and R-CHOP in CR. Among the
187 patients in the R-CHOP group, 64 patients received
consolidative RT after R-CHOP (Ouline Supplementary
Table S3). Elderly age and higher IPI score were less com-
mon in those who received consolidative RT. Thirty-three
of 64 patients received consolidative RT with residual
mass after R-CHOE, while 31 of 64 patients received RT in
CR after R-CHOP. Among the remaining 123 patients
without consolidative RT, 34 patients did not achieve CR
after R-CHOP, and 89 patients were in CR after R-CHOE,
respectively. Among 34 patients with residual mass who
were treated with R-CHOP, 16 patients developed pro-
gressive disease (PD), and 4 patients received follow up
without RT based on the negative findings on PET/CT
after the initial series of treatment. Of 89 patients who
achieved a CR after R-CHOP but did not receive RT, 14
patients experienced relapse. Among these 14 patients, 9
developed the relapsed disease in their mediastinum,
while the remaining 5 relapsed in other sites. The OS and
PES at four years of patients receiving consolidative RT
were 100% and 85%, respectively, in the group with
residual mass, and 96% and 90%, respectively, in the
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Figure 1. Survival of patients with primary mediastinal large B-cell lymphoma. (&) Overall survival (0S) of all patients with primary mediastinal
large B-cell ymphoma (PMBL). (B) Progression-free survival (PFS) of all patients with PMBL. (C) OS of patients with PMBL treated with CHOP
(n=44), R-CHOP (n=188), DA-EPOCH-R (n=9), 2™- or 3"-generation regimens (n=45), and HDT/ASCT (n=57). (1) PFS of patients with PMBL
treated with CHOP (n=44), R-CHOP (n=188), DA-EPOCH-R (n=9), 2™ or 3“generation regimens (n=45), and HDT/ASCT (n=57). CHOP:
cyclophosphamide, adriamycin, vincristine and prednisone; R: rituximab; DA-EPOCH-R: dose-adjusted etoposide, cyclophosphosphamide, dox-
orubicin, vincristine, prednisolone and rituximab; HDT/ASCT: high-dose chemotherapy followed by autologous stem cell transplantation.




group in CR (OS: P=0.15; PES: P=0.80) (Online
Supplementary Figures S1 and S2). Meanwhile, the OS and
PES at four years of patients who did not receive consol-
idative RT were 64% and 35%, respectively, in the group
with residual mass without disease progression, and 95%
and 77 %, respectively, in the group in CR (OS: P<0.001;
PES: P<0.001). Taken together, these data indicate that a
significant proportion of patients achieving CR after R-
CHOP can be cured without consolidative RT.

Prognestic factors and survival for patients treated
with R-CHOP and without consolidative radiotherapy
One hundred and twenty-three patients receiving R-
CHOP without consolidative RT were analyzed. The
analysis of potential prognostic factors is shown in Table
2. On univariate analysis, the presence of pleural or peri-
cardial effusion, performance status (PS) over 1 and higher
IPI were adverse prognostic factors for OS, and the pres-
ence of pleural or pericardial effusion, advanced stage,
extranodal involvement, PS, LDH, soluble interleukin-2
receptor (sIL-2R), and higher IPI were adverse prognostic
factors for PFS. On multivariate analysis, we could not
identify significant prognostic factors for OS. The pres-
ence of pleural or pericardial effusion [hazard ratio (HR),
3.53; 95% confidence interval (CI), 1.69-7.40; P=0.001]
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and advanced stage (stage III/IV; HR, 2.16; 95%CI: 1.14-
4.11; P=0.018) were identified as adverse prognostic fac-
tors for PES. As almost all the patients with progression
after R-CHOP developed disease within 12 months after
diagnosis, we performed Cox regression analyses to deter-
mine the predictive factors for primary refractory or early
relapse within 12 months after diagnosis. On multivariate
analysis, only the presence of pleural or pericardial effu-
sion was predictive of primary refractory or early relapse
within 12 months (HR, 6.11; 95%ClI: 2.30-16.24; P<0.001).
In this cohort, only 5 (8%) of 65 patients without pleural
or pericardial effusion experienced primary refractory or
early relapse within 12 months; meanwhile, 25 (43%) of
58 patients with pleural or pericardial effusion (P<0.001)
had refractory or eatly relapsed disease.

As IPI and the presence of pleural or pericardial effusion
were prognostic factors for OS on univariate analysis, and
these were not related (correlation coefficient = 0.39), the
OS and PFS in patients receiving R-CHOP without RT
were analyzed according to these prognostic factors. The
OS and PES in patients receiving R-CHOP without RT
were analyzed according to the presence of pleural or peri-
cardial effusion and IPI. As expected (Figure 2A and B), the
best OS and PES were observed in patients with low IPI
and without pleural or pericardial effusion. The OS and
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Figure 2. Survival of patients with primary mediastinal large B-cell ymphoma according to the International Prognostic Index and the pres-
ence pleural or pericardial effusion. (4) Overall survival (OS) of patients with primary mediastinal large B-cell lymphoma (PMBL) treated with
R-CHOP without radiation therapy (RT) according to the international prognostic index (IP1) and the presence pleural or pericardial effusion.
(B) Progression-free survival (PFS) of patients with PMBL treated with R-CHOP without RT according to the IPI and the presence pleural or peri-
cardial effusion. (C) OS of patients with PMBL treated with R-CHOP according to the IPI and the presence pleural or pericardial effusion. (D)
PFS of patients with PMBL treated with R-CHOP according to the IPI and the presence pleural or pericardial effusion. R-CHOP: rituximab,
cyclophosphamide, adriamycin, vincristine and prednisone; RT: radiation therapy.




PFS at four years of these 58 patients were 95% and 87%,
respectively. Meanwhile, based on individual factors of
LDH, B symptom, and pleural or pericardial effusion iden-
tified on multivariate analysis for PES, the OS and PES
were also analyzed (Online Supplementary Figures S3 and
S4). Although the OS and PES could be well stratified, the
number of patients categorized into the well stratified
low-risk category was lower than that of patients under
the stratification using IPI and effusion. Taken together,
these data indicate that a significant proportion of patients
with low IPI and without pleural or pericardial effusion at
the time of diagnosis can be potentially cured by the R-
CHOP regimen without consolidative RT.

Meanwhile, the treatment should be considered for
patients with higher IPI and the presence of pleural or peri-
cardial effusion. As shown in Figure 2C and D, the out-
comes of R-CHOP were not satisfactory in patients with
higher IPI and/or the presence of pleural or pericardial
effusion (4-year OS: 97% vs. 81%, P=0.004; 4-year PFS:
89% vs. 54%, P<0.001, respectively).

Discussion

It is important to establish a more effective and less
toxic standard treatment for PMBL, as affected patients
tended to be young and can be cured when properly treat-
ed. The present study investigated a larger cohort than
other studies and indicated that almost all PMBL patients
with lower IPl and the absence of the pleural or pericardial
effusion could be cured by the R-CHOP regimen without
consolidative RT. Considering the excellent outcomes of
the recent promising regimen DA-EPOCH-R, reported by
Dunleavy et al.,” the initial treatment regimen for PMBL
could be stratified according to our simple indicators of IPI
score and the presence of pleural or pericardial effusion;
DA-EPOCH-R or R-CHOP could be selected for high- or
low-risk PMBL patients, respectively.

Consistent with other studies, patients who received rit-
uximab-containing chemotherapies showed better out-
comes.” 7% HDT/ASCT and 2-/3"-generation regimens
that were more intensive and that have been historically
used as first-line treatment for PMBL resulted in better
outcomes than those seen in response to CHOP
chemotherapy.""%% In the present study, similar OS and
PES was observed among patients treated with a 2-/3%-
generation regimen, HDT/ASCT, and R-CHOP. This sug-
gests that R-CHOP regimen might have curative potential
in a significant proportion of PMBL patients without uti-
lizing 2™-/34-generation regimen or HDT/ASCT and
thereby avoiding their associated toxicities.

Late toxicities are another important issue to consider
when weighing the benefits of different curative regi-
mens. In the current study, 17 patients had late adverse
events (secondary cancer, n=7/; cardiac toxicity, n=10).
Previous reports indicated that RT to the mediastinum sig-
nificantly increased the risk of breast cancer and cardiac
toxicity.***¥ Although longer follow up is required to eval-
uate for late toxicities, we investigated whether we could
omit the consolidative RT from the current treatment
strategies. We analyzed the outcomes of patients treated
with R-CHOP without consolidative RT, and identified
higher IPI and the presence of pleural or pericardial effu-
sion as adverse risk factors for OS. Moreover, the presence
of the effusion was identified as an adverse risk factor for

early relapse. Considering that previous studies had
reported that the presence of pleural effusion was associ-
ated with poor outcomes in patients with PMBL and
Hodgkin lymphoma,™® our results might be universal.
Our simple indicators could identify patients who could
be cured in response to R-CHOP without consolidative
RT; however, patients with these factors comprised only
approximately one-half of patients receiving R-CHOP.
This means the remaining patients should be treated with
an alternative regimen. The fact that excellent outcomes
were seen in patients with higher IPI and the presence of
the effusion receiving DA-EPOCH-R regimen in this
study, as well as in another recent report,” suggests that it
may be reasonable to use this approach in high-risk PMBL
patients. A prospective trial of this strategy is warranted.
Another approach to stratify PMBL patients is currently
being investigated in Europe. The prospective IELSG-37
trial is investigating whether consolidative RT could be
omitted according to the presence or absence of FDG-PET
or PET/CT findings after the initial series of treatments. In
clinical practice, we frequently encounter patients in
whom it is difficult to judge FDG-PET positivity.**
Unfortunately, we could not evaluate the role of PET/CT
in this study because of retrospective settings. Meanwhile,
the very recent report from the IELSG-26 study clarified
the role of PET/CT after treatment in PMBL patients.”
Considering the difficulty of re-biopsy of the suspected
mediastinal mass after treatment, using the optimal cut-off
value on PET/CT after treatment reported by IELSG could
be an important tool to assess the risk of treatment failure.
This study has several limitations. First, its retrospective
nature might have unrecognized biases and the results
should be interpreted with care. Regarding evaluation of
response, evaluation of the residual mass might have been
heterogeneous at each institution because of the retro-
spective setting. Therefore, the CR rate in our study could
be over-estimated. Second, patients received various treat-
ment regimens and consolidative RT according to each
institution’s preferred strategy; thus, treatment outcomes
might have been over-estimated or under-estimated. In
particular, patients who did not receive consolidative RT
might have had clinical indicators that physicians consid-
ered favorable, resulting in an overestimation of the clini-
cal outcomes in response to R-CHOP without consolida-
tive RT. However, in the present analysis, the proportion
of patients with higher IPI and with the presence of effu-
sion was not low in patients who did not receive consol-
idative RT compared with that in patients who did receive
RT. This suggests that the base-line characteristics and
outcomes of patients without consolidative RT were not
necessarily favorable and that they might not have been
over-estimated. Finally, we carried out a central patholog-
ical review for only 196 patients. We tried to collect as
much pathological histological paratfin-embedded tissue
materials as possible. However, in some cases, sufficient
materials were not available because they were too old. In
addition, the period during which data could be submitted
differed because clinical data were kept for different
lengths of time at the different institutions. Therefore, the
number of institutions who could submit clinical data in
the 1980s and 1990s was smaller than in the 2000s: 10 and
65 institutions before and after the year 2000, respectively.
Furthermore, although gene expression or methylation
profiling can help to diagnose PMBL correctly, for the

moment we cannot use these tools in routine clinical prac-




