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ABSTRACT

Background. R-CHOP can cure approximately 75% of patients
with primary mediastinal large B-cell lymphoma (PMLBCL), but
prognostic factors have not been sufficiently evaluated yet. R-
da- EPOCH is potentially more effective but also more toxic
than R-CHOP. Reliable prognostic classification is needed to
guide treatment decisions.

Materials and Methods. We analyzed the impact of clinical
prognostic factors on the outcome of 332 PMLBCL patients
≤65 years treated with R-CHOP � radiotherapy in a multi-
center setting in Greece and Cyprus.
Results. With a median follow-up of 69 months, 5-year
freedom from progression (FFP) was 78% and 5-year
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lymphoma specific survival (LSS) was 89%. On multivariate
analysis, extranodal involvement (E/IV) and lactate dehy-
drogenase (LDH) ≥2 times upper limit of normal (model A)
were significantly associated with FFP; E/IV and bulky dis-
ease (model B) were associated with LSS. Both models
performed better than the International Prognostic Index
(IPI) and the age-adjusted IPI by Harrel’s C rank parameter
and Akaike information criterion. Both models A and B
defined high-risk subgroups (13%–27% of patients [pts])
with approximately 19%–23% lymphoma-related mortality.
They also defined subgroups composing approximately

one-fourth or one-half of the patients, with 11% risk of
failure and only 1% or 4% 5-year lymphoma-related
mortality.
Conclusion. The combination of E/IV with either bulky dis-
ease or LDH ≥2 times upper limit of normal defined high-
risk but not very-high-risk subgroups. More importantly,
their absence defined subgroups comprising approximately
one-fourth or one-half of the pts, with 11% risk of failure
and minimal lymphoma-related mortality, who may not
need more intensive treatment such as R-da-EPOCH. The
Oncologist 2021;26:597–609

Implications for Practice: By analyzing the impact of baseline clinical characteristics on outcomes of a large cohort of
patients with primary mediastinal large B-cell lymphoma homogeneously treated with R-CHOP with or without radiotherapy,
we developed novel prognostic indices which can aid in deciding which patients can be adequately treated with R-CHOP
and do not need more intensive regimens such as R-da-EPOCH. The new indices consist of objectively determined character-
istics (extranodal disease or stage IV, bulky disease, and markedly elevated serum lactate dehydrogenase), which are readily
available from standard initial staging procedures and offer better discrimination compared with established risk scores
(International Prognostic Index [IPI] and age-adjusted IPI).

INTRODUCTION

Primary mediastinal (thymic) large B-cell lymphoma (PMLBCL)
has been recognized as a distinct clinicopathologic entity in
the World Health Organization (WHO) classification [1,2].
Based on unique demographic, clinical, morphologic, and
immunohistochemical characteristics, it is classified sepa-
rately from diffuse large B-cell lymphomas (DLBCL). Despite
being an aggressive B-cell lymphoma, its molecular signa-
ture is more akin to Hodgkin lymphoma rather than DLBCL,
as it is characterized by constitutive activation of NFκB and
JAK-STAT pathways and programmed death ligand 1 and
2 overexpression [3,4].

PMLBCL is a highly aggressive neoplasm, characterized
by a rapidly growing mediastinal tumor, usually bulky, which
frequently causes superior vena cava syndrome, other com-
pressive symptoms, and pleural and pericardial effusions.
Rarely, the disease is much more extensive at the time of
diagnosis involving peculiar extranodal sites, such as the
kidneys, adrenals, stomach, ovary, and so on; however,
bone marrow involvement is almost always absent [5–9].
The involvement of these peculiar extranodal sites or the
central nervous system (CNS) is much more frequent at
the time of relapse/progression [10].

Prior to the introduction of rituximab, the combination
of cyclophosphamide, doxorubicin, vincristine and predni-
sone (CHOP) followed by radiotherapy (RT) had been con-
sidered suboptimal treatment for PMLBCL with cure rates
generally not exceeding 50–60% [5,11–13]. Combinations of
methotrexate (or etoposide), doxorubicin, cyclophospha-
mide, vincristine, prednisone and bleomycin known as M(V)
ACOP-B [14,15], dose-adjusted etoposide, prednisone, vin-
cristine, cyclophosphamide, and doxorubicin (da-EPOCH)
[16], Burkitt-like or acute lymphoblastic leukemia-like regi-
mens such as the Memorial and GMALL protocols
[12,17,18], and even consolidation of first-line response
with high-dose therapy and autologous stem cell transplan-
tation [5] have all been considered superior to CHOP in

rather small- to medium-sized patient series, albeit without
head-to head randomized comparison. The introduction of
rituximab greatly improved the results of CHOP. Rituximab-
CHOP (R-CHOP) followed by RT in the majority of the
patients has produced cure rates between 75% and 80%
and long-term survival of 85%–90% in several small- to
moderate-sized studies [13,19–25]. As a consequence, the
role of more intensive immunochemotherapy regimens has
been questioned [26–29]. R-CHOP-14 appeared promising
in a subgroup analysis of 50 patients with PMLBCL within
the large U.K. National Cancer Research Institute phase III
trial [30], warranting validation in a dedicated future pro-
spective study. Most importantly, rituximab combined with
da-EPOCH (R-da-EPOCH) has produced impressive results in
a phase II trial of 67 patients without the use of RT [31].
Subsequent real life data suggest that R-da-EPOCH might
be only marginally better than R-CHOP but can be used to
avoid RT [32–36]. However, R-da-EPOCH is a rather cum-
bersome regimen, requiring inpatient delivery and produc-
ing more acute hematologic toxicity and possibly late
adverse effects [31,36].

Based on the above, a risk-adapted strategy would be
desirable to restrict the use of more aggressive regimens to
higher-risk subgroups of patients. However, prognostic fac-
tors for the outcome of PMLBCL have been mainly studied
prior to the rituximab era. The International Prognostic Index
(IPI) and the age-adjusted IPI (aaIPI) are used by extrapolat-
ing data applicable to DLBCL, and no prognostic model spe-
cifically applicable to PMLBCL has been developed. Very few
studies have been published [21,37] or presented [19] in the
rituximab era and have been based on small to moderately
sized series including 123 [37], 96 [19], and 63 patients [21].
The success of R-CHOP in PMLBCL limits the number of
events and makes prognostic factor analysis difficult.

The aim of the present study was to collect data on a
large number of patients with PMLBCL to conduct a
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powerful prognostic factor analysis and identify high- or
very-low-risk subgroups for risk-adapted therapy.

MATERIALS AND METHODS

Patients: Staging
Among 341 consecutive nonpediatric patients with PMLBCL,
who were treated in the cooperating Hellenic and Cypriot
hematology departments with R-CHOP or similar regimens
with or without RT between 2001 and 2019, 332 patients
≤65 years were included in the present analysis. Only 15 of
341 patients (4.4%) were older than 60 years, which is con-
sistent with other published data. Among the 332 eligible
patients, the median age was 32 years (16–65), and 64%
were female. In accordance to a previous report from our
group [13], patients were eligible for inclusion if they had
presented with a clinical picture (dominated by a prominent
mediastinal mass) and a histology report consistent with
PMLBCL according to the WHO or Revised European Ameri-
can Lymphoma classification [1,2,38]. Patients with minor
mediastinal involvement as part of more extensive lym-
phoma at other sites were excluded [11]. Patients were also
excluded if they had any concomitant extramediastinal mass
greater in size than the primary mediastinal lesion [12].

Patients were clinically staged by standard procedures
using a conservative interpretation of the Ann-Arbor defini-
tions, as previously described [11,13,39,40]. In accordance
with our previous report [13], stage IV was assigned only if
noncontiguous extensive lymphoma spread to extranodal
sites was documented. Contiguous spread within the thorax
was considered stage II even in the presence of radiologic
chest wall, osseous, lung, pleural, or pericardial involvement
[11]. Patients with solitary lung lesions that were adjacent
(proximal) but not contiguous to the mediastinal mass were
also considered “E” and not stage IV [39,40]. Patients with
multiple lung lesions were assigned as stage IV. Bulky dis-
ease was defined as a mediastinal mass ≥ 10 cm. A propor-
tion of patients was staged with positron emission
tomography (PET) in addition to conventional staging in the
more recent years, but only the results of conventional
staging were taken into account. Anemia was defined as
hemoglobin levels <13 g/dL and < 11.5 g/dL in men and
women, respectively [41]. Risk stratification was based on
the IPI as well as on the age-adjusted IPI [42], because the
vast majority of patients were younger than 60 years
(326/332 or 98%). Exact values for IPI and aaPI were avail-
able for 309 patients. In 12 additional patients, accurate
assignment in an IPI subgroup (0–1 vs. 2 vs. 3–5 for IPI or
0–1 vs. 2–3 for aaIPI) was possible, rendering 321 patients
eligible for this analysis.

Treatment Strategies and Conventional Criteria of
Response
Standard R-CHOP-21 and R-CHOP-14 (used in a minority of
patients) as well as their variants were administered as orig-
inally described [43,44]. The treatment plan included six to
eight cycles of R-CHOP–based chemotherapy. R-CHOP-21
was administered to 302 of 332 patients (91%), whereas
30 patients (9%) received R-CHOP-14. Minor deviations

were recorded in a few patients as described in Table 1 and
the corresponding footnote; these regimens were consid-
ered roughly equivalent to the standard ones. Patients with
stable or progressive disease could be withdrawn earlier at
the discretion of the treating physician. Conventional radio-
logic response was evaluated according to standard criteria
[45]. In responding patients, RT was used at the discretion
of the treating physician, but this decision was affected by
PET/computed tomography (CT) results, especially in the
more recent years (see Results for details) [46–49].

Retrospective medical charts review was performed by
treating physicians at each of the participating centers and
anonymized data were submitted for analysis. Individual
patient consent was not required.

Statistical Analysis
The primary endpoint was freedom from progression (FFP),
which was defined as the time interval from treatment initi-
ation to any of the following events: disease progression,
relapse, initiation of salvage therapy due to inadequate
response to R-CHOP, therapy-related death without prior
progression/relapse, or last follow-up. Lymphoma-specific
survival (LSS) was defined as the time interval from treat-
ment initiation until death secondary to disease progression
or disease-related procedures. Unrelated deaths without
prior disease progression were censored at the time of
death. However, only two deaths of unrelated causes were
recorded. Thus, LSS was almost identical to overall survival,
which was not analyzed in this study. Similarly, FFP was ana-
lyzed instead of progression-free survival to specifically
assess tumor control, but these two endpoints were almost
identical, because of the very low number of deaths with-
out prior treatment failure.

Survival curves were plotted according to the Kaplan-
Meier method [50] and were compared with the log-rank
test [51]. Two-sided p values less than .05 were considered
significant. The identification of independent prognostic fac-
tors was performed using Cox’s proportional hazards model
[52]. A backward stepwise selection procedure, with entry
and removal criteria of p = .05 and p = .10, respectively,
was used. Based on the final multivariate models for the
two main outcomes (FFP and LSS), two new risk scores
were developed.

The predictive powers of alternative predictors (binary
IPI, binary aaIPI, and scores derived from this study) for LSS
and FFP outcomes in Cox regression models were compared
using the rank parameter Harrel’s C [53]. We also assessed
the relative quality of Cox regression models based on each
of the predictive scores for LSS and FFP using the Akaike
information criterion (AIC) [54].

RESULTS

Patients’ and Treatment Characteristics
In total, 332 nonpediatric patients with PMLBCL up to
65 years were eligible to be included in this study after the
exclusion of 9 older patients (66–82 years). These were con-
secutive patients who received R-CHOP or similar regimens
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Table 1. Patients’ characteristics and univariate analysis of FFP and LSS

Patients’ characteristics Patients, n (%) Pts failed 5-yr FFP, % p value Pts died 5-yr LSS, % p value

Age, years

<38 242 (72.9) 55 77 .600 27 88 .491

≥38 90 (27.1) 17 80 7 91

Gender

Female 213 (64.2) 43 79 .35 21 90 .601

Male 119 (35.8) 29 74 13 88

Stage

I/II 288 (86.7) 54 81 .001 27 90 .194

III/IV 44 (13.3) 18 59 7 82

B-symptoms

No 225 (68.0) 43 80 .077 18 91 .043

Yes 106 (32.0) 29 72 16 85

PS

0–1 271 (85.5) 51 81 .071 24 91 .161

2–4 46 (14.5) 14 69 7 84

Extranodal sites

0–1 293 (88.5) 56 80 .007 26 91 .068

≥2 38 (11.5) 15 59 7 80

Extranodal sites

No 209 (63.0) 29 86 <.001 13 94 .002

Any 123 (37.0) 43 64 21 82

IIE/IIIE 89 (26.8) 27 69 .144a 15 82 .943a

IV 34 (10.2) 16 53 6 81

Infradiaphragmatic disease

No 300 (90.6) 57 80 <.001 29 90 .257

Yes 31 (9.4) 15 51 5 81

Serositis

No 175 (55.4) 33 81 .101 12 93 .014

Any 141 (44.6) 38 72 22 83

Serum LDH

Normal 52 (16.4) 6 88 .013 3 94 .315

>1 to <2x ULN 176 (55.5) 32 81 .005b 17 90 .181b

≥2x ULN 89 (28.1) 27 68 12 85

Mediastinal bulk

No 109 (37.1) 17 84 .056 3 97 .001

Yes 185 (62.9) 46 74 28 84

Anemia

No 198 (62.1) 36 81 .231 14 93 .036

Yes 121 (37.9) 28 76 17 85

White blood cells

<10 � 109/L 236 (74.0) 43 81 .139 23 90 .902

≥10 � 109/L 83 (26.0) 21 73 8 88

Lymphocytopenia

≥1.0 � 109/L 161(52.4) 32 79 .723 11 93 .056

<1.0 � 109/L 146 (47.6) 31 78 19 86

ESR

<50 mm/h 158 (61.2) 27 83 .263 12 92 .266

≥50 mm/h 100 (38.8) 23 76 12 87

(continued)
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with or without RT in 33 participating Centers (see also
Materials and Methods).

Specifically, R-CHOP was administered at 21-day intervals
in most of the patients (302/332, 91%), whereas 30 patients
(9%) received R-CHOP-14. Minor deviations from these stan-
dard regimens were recorded in 18 patients (5%) in the form
of alternative anthracycline or anthracenedione, addition of
etoposide, or “some additional chemotherapy,” as described
in Table 1 and its footnote. In 42 patients, RT was not admin-
istered because of resistant disease (n = 38) or early death/
loss to follow-up (n = 2); 2 patients had just completed che-
motherapy and the decision regarding RT had not been
made at the time of the analysis. Among 290 patients who
were considered for RT after response to chemotherapy, RT
was administered to 209 (72%) and spared in 81 (28%) at
the discretion of the treating physician, usually in the con-
text of a final PET-directed decision.

The baseline characteristics of the 332 patients are shown
in Table 1. Briefly, median age was 32 years (16–65), 64%
were female, 13% had stage III/IV and 9% infradiaphragmatic
nodal and/or extranodal disease, 15% had performance sta-
tus (PS) ≥2, 84% had elevated serum lactate dehydrogenase
(LDH) levels (28% highly elevated, i.e., twice the upper nor-
mal limit or higher (≥2� ULN), 32% had B-symptoms, 45%
had moderate or large serous effusions (pleural and/or peri-
cardial), 63% had bulky disease, and 37% had any form of
extranodal involvement (either stage IV [10%] or stages
IIE/IIIE [27%]). Baseline laboratory features are also shown in
Table 1. The distribution of IPI and aaIPI categories are
shown in Table 2; 27% of the patients had IPI ≥2 and 22%
had aaIPI ≥2.

With 72 progressions/relapses, the 5-year FFP for the
whole series was 77.6%. The 5-year LSS was 89.1%, with
34 disease-related deaths recorded so far. The median
follow-up of patients without progression was 68 months
(2–198). Almost all treatment failures occurred within

approximately 18 months from treatment initiation (69/72
or 96% within 18.6 months), with the latest relapse
recorded at 46 months.

Univariate Analysis and Performance of IPI and aaPI
On univariate analysis of FFP, stage III/IV (p = .001),
involvement of ≥2 extranodal sites (p = .007), elevated or
highly elevated (≥2� ULN) LDH (p = .013 and p = .005),
infradiaphragmatic involvement (p < .001), and any
extranodal involvement (p < .001) were statistically significant
prognostic factors. Tumor bulk (p = .056), PS ≥2 (p = .071),
B-symptoms (p = .077), and any serositis (p = .101) were of
borderline significance. Demographics and laboratory param-
eters other than LDH were not significant.

On univariate analysis of LSS, tumor bulk (p = .001), any
extranodal involvement (p = .002), any serositis (p = .014),
B-symptoms (p = .043), and anemia (p = .036) were statis-
tically significant prognostic factors. Lymphocytopenia
(p = .056) and the involvement of ≥2 extranodal sites
(p = .068) were of borderline significance. Neither LDH, PS,
stage, and infradiaphragmatic involvement nor demo-
graphics were significant.

The IPI efficiently predicted both FFP and LSS but could
not identify any subgroup with very low risk of treatment
failure or disease-related death (Table 2). The aaPI was less
effective in the prediction of FFP and was not significantly
associated with LSS (Table 2).

Multivariate Analysis
We examined a multivariate model including any extranodal
involvement, infradiaphragmatic disease, highly elevated
LDH (≥2� ULN), tumor bulk, B-symptoms, and any serositis
as factors significant or borderline (p ≤ .1) in univariate anal-
ysis of FFP. As shown in Table 3, only any extranodal involve-
ment (hazard ratio 2.114, p = .005) and highly elevated LDH

Table 1. (continued)

Patients’ characteristics Patients, n (%) Pts failed 5-yr FFP, % p value Pts died 5-yr LSS, % p value

Immunochemotherapy

R-CHOP-21 302 (91.0)

Standard R-CHOP-21 287

R-CHOP-21 variantsc 10

Plus some additional conventional chemod 5

R-CHOP-14 30 (9.0)

Standard R-CHOP-14 27

R-CHOP-14 variantse 2

Plus ASCTf 1
aComparison between stage IIE/IIIE and IV among 123 patients with any extranodal involvement.
bComparison between LDH <2x ULN and ≥ 2x ULN.
c10/302 patients received variants of R-CHOP-21 (doxorubicin substituted with liposomal doxorubicin, epidoxorubicin, or mitoxanthrone, or addi-
tion of etoposide [R-CHOEP]).
d“Some additional chemotherapy” after R-CHOP-21 was given in 5 patients (high-dose methotrexate or 2 more cycles with DICE or ESHAP or da-
EPOCH following 3 cycles of R-CHOP-21).
e2/30 patients received variants of R-CHOP-14 (liposomal doxorubicin or mitoxanthrone instead of conventional doxorubicin).
fA single patient received consolidation with high-dose therapy and autologous stem cell transplantation.
Abbreviations: ESR, erythrocyte sedimentation rate; FFP, freedom from progression; LDH, lactate dehydrogenase; ULN, upper limit of normal;
LSS, lymphoma-specific survival; PS, ECOG performance status; Pt, patient.
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(hazard ratio 1.782, p = .028) were independent predictors
of FFP. If PS was added, it was not included in the model.

Regarding LSS, we examined a multivariate model
including any extranodal involvement, tumor bulk, B-symp-
toms, anemia, and any serositis as factors significant or bor-
derline in univariate analysis. Highly elevated LDH (≥2x
ULN) was also included because it is an established prog-
nostic factor in aggressive lymphomas and was an indepen-
dent prognostic factor for FFP. Only any extranodal
involvement (hazard ratio, 2.445; p = .023) and tumor bulk

≥10 cm (hazard ratio, 4.630; p = .012) emerged as indepen-
dent predictors in the final model of LSS (table 3). If
lymphocytopenia was added, it was not included in the
model.

Prognostic Models
Based on the results of multivariate analysis, we con-
structed two separate prognostic models. The first included
any extranodal involvement and highly elevated LDH (≥2�
ULN), as the two independent predictors of FFP (model A).
The second included any extranodal involvement and tumor
bulk, the two independent predictors of LSS (model B). Sub-
sequently, we tested the performance of model A in the
prediction of LSS and that of model B in the prediction of
FFP. The results are shown in Figure 1A–D.

None of these models could identify a very-high-risk
subgroup of patients with PMLBCL. Indeed, high-risk sub-
groups defined by the presence of both adverse prognostic
factors of either model A or model B included 13.2% and
27.2% of all patients, respectively, with estimated 5-year
FFP ≥60% (60% and 64%) and 5-year LSS 81% and 77%,
respectively.

Notably, however, both models were able to define
very-low-risk groups of patients of different size with very
low risk of 5-year disease-related death. These very-low-risk
groups had identical risk of treatment failure of 11% at
5 years. Model A (extranodal plus LDH ≥2x ULN) resulted in
a sizeable very-low-risk subgroup, those with no adverse
factors, including 48.6% of all patients with 4% risk of
lymphoma-related death at 5 years. Model B (extranodal
plus bulk) resulted in a smaller very-low-risk subgroup,
again those with no adverse factors, including 26.2% of all
patients with minimal risk of lymphoma-related death at
5 years of only 1%.

Table 2. Performance of IPI and aaPI for the prediction of FFP and LSS in primary mediastinal (thymic) large B-cell
lymphoma

Patients’ characteristics Patients, n (%) Pts failed 5-yr FFP, % p value Pts died 5-yr LSS, % p value

IPI

0–1 227 (73.5) 36 84 16 93

2 58 (18.8) 15 73 .001 10 81 .013

3–5 24 (7.8) 11 54 5 77

IPI grouped

0–1 234 (72.9) 37 84 .001 16 93 .002

2–5 87 (27.1) 29 66 16 80

aaIPI

0 46 (14.9) 5 89 .005 3 93 .290

1 195 (63.1) 36 81 18 90

2 55 (17.8) 13 76 7 87

3 13 (4.2) 7 46 3 73

aaIPI grouped

0–1 250 (77.9) 43 82 .012 21 91 .069

2–3 71 (22.1) 22 69 11 83

Abbreviations: aaIPI, age-adjusted IPI; FFP, freedom from progression; IPI, International Prognostic Index; LSS, lymphoma-specific survival; Pt,
patient.

Table 3. Multivariate Analysis of Prognostic Factors for
freedom from progression and lymphoma-specific survival

Prognostic Factor
Hazard ratio
(95% CI) p value

Freedom from progressiona

Any extranodal involvement
(yes vs. no)

2.114 (1.257–3.555) .005

Highly elevated LDH (≥2x ULN
vs. <2x ULN)

1.782 (1.063–2.988) .028

Lymphoma-specific survivalb

Any extranodal involvement
(yes vs. no)

2.445 (1.132–5.282) .023

Bulky disease (≥10 vs. <10 cm) 4.630 (1.392–15.400) .012
aConsidered in the same model but not significant: B-symptoms,
bulk, serositis, infradiaphragmatic disease, and performance status
in addition to the previous in another model (p-to-enter>0.20
for all)
bConsidered in the same model but not significant: B-symptoms,
highly elevated LDH, anemia, serositis. Lymphocytopenia did not
enter the model if added (p-to-enter 0.11 for B-symptoms
and > 0.20 for all others)
Abbreviations: CI, confidence interval; LDH, lactate dehydrogenase;
ULN, upper limit of normal.

© 2021 AlphaMed Press

Prognostic Factors in Primary Mediastinal Lymphoma602



Furthermore, we compared the predictive power of
alternative predictors (binary IPI [0–1 vs. 2–5], binary aaIPI
[0–1 vs. 2–3]) and models A and B on FFP and LSS. Both
models A and B appeared to perform better compared with
IPI and aaIPI based on higher Harrell’s C values and lower
AIC for both FFP (model A: C = 0.66, AIC = 702.1; IPI:
C = 0.59, AIC = 737; aaIPI: C = 0.56, AIC = 730.4) and LSS
(model B: C = 0.69, AIC = 318.4; IPI: C = 0.62,
AIC = 352.7; aaIPI: C = 0.57, AIC = 358.2). Model B showed
optimal characteristics among all predictive scores with
regard to LSS, but model A had better predictive power for
FFP (model A C = 0.66 vs. model B C = 0.62) at the cost of
higher AIC compared with model B (702.1 vs 666.3).

Performance of Prognostic Models in Various Clinical
Settings
Finally, we evaluated the association of the described risk
models with primary treatment failure rates and the survival
outcomes in the PET era and according to the use of RT.

Overall, primary refractory disease (progression at res-
taging after CT or CT + RT, less than partial response or ini-
tiation of salvage CT due to inadequate response) was
observed in 16% of the patients, composing almost three-
quarters of the total number of treatment failure events.
The frequency of primary refractory disease was effectively
predicted by both models: for model A (extranodal or LDH
≥2�) it was 8% versus 20% and 24% for patients with 0, 1,
or 2 factors, respectively (p = .004). The corresponding fig-
ures for model B (extranodal or bulk) were 8% versus 15%

and 27% for patients with 0, 1, or 2 factors, respec-
tively (p = .007).

Because these unfavorable patients were not typically
eligible for RT, we restricted further analysis only to
responders to R-CHOP, who were considered for RT in the
PET era. Among 188 patients, the 5-year FFP was 89% and
the 5-year LSS was 96%. In this favorable prognosis sub-
group of conventional responders to R-CHOP, model A
(extranodal plus LDH ≥2�) effectively predicted FFP (5-year
rates 96%, 84% and 76% for patients with 0, 1, or 2 factors;
p = .006) but not LSS (5-year rates 99%, 94% and 93% for
patients with 0, 1, or 2 factors; p = .26). Conversely, model
B (extranodal plus bulk) failed to predict FFP (5-year rates
95%, 90%, and 83% for patients with 0, 1, or 2 factors,
p = .23) but effectively predicted LSS (5-year rates 100%,
99%, and 89% for patients with 0, 1, or 2 factors; p = .02).

The 78 of 188 patients (41%) who remained PET-posi-
tive according to the International Harmonization Project
(IHP) criteria, roughly corresponding to Deauville 5-point
scale score (D5PSS) 3–5, almost invariably received RT
(75/78). Taking into account the small number of events
(15 FFP events and 5 lymphoma-related deaths), model A
(extranodal plus LDH ≥2�) marginally predicted FFP (5-year
rates 89%, 77%, and 50% for patients with 0, 1, or 2 factors;
p = .08) but not LSS (5-year rates 96%, 91%, and 83% for
patients with 0, 1, or 2 factors; p = .68). Conversely, model
B (extranodal plus bulk) failed to predict FFP (5-year rates
92%, 81%, and 73% for patients with 0, 1, or 2 factors;
p = .57) but marginally predicted LSS (5-year rates 100%,
97%, and 82% for patients with 0, 1, or 2 factors; p = .15).

Figure 1. (A): FFP according to model A (any extranodal involvement and lactate dehydrogenase (LDH) ≥2 times). (B): LSS)according
to model A (any extranodal involvement and LDH ≥2 times). (C): FFP according to model B (any extranodal involvement and bulk).
(D): LSS according to model B (any extranodal involvement and bulk).
Abbreviations: FFP, freedom from progression; LSS, lymphoma-specific survival; Pts, patients.
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In multivariate analysis of the 75 irradiated patients, a
strong trend for worse FFP was seen in the presence of any
of the model A adverse factors (1–2 vs. 0 factors: hazard
ratio, 3.525; 95% confidence interval, 0.991–12.540;
p = .052), adjusting for D5PSS (5 vs. ≤4; hazard ratio, 3.355;
95% confidence interval, 1.188–9.473; p = .022).

The 110 of 188 patients (59%) who achieved a stringent
PET-negative response according to the IHP criteria, roughly
corresponding to D5PSS 1–2, received (n = 50) or did not
receive RT (n = 60) at the discretion of the treating physi-
cian. None of the patients who received RT relapsed.
Among patients who did not receive RT, only four failures
(relapses) and only one lymphoma-related death were
recorded, making the analysis of LSS futile. Absence of any
of model A risk factors (extranodal or LDH ≥2�) was mar-
ginally associated with better FFP (5-year rates 100%, 85%,
and 83% for patients with 0, 1, or 2 factors; p = .08),
whereas model B (extranodal plus bulk) could not discrimi-
nate FFP outcomes (5-year rates 92%, 96%, and 83% for
patients with 0, 1, or 2 factors; p = .42).

Among very low-risk patients by model A (no risk fac-
tors), 29% of responders did not receive RT at the physi-
cian’s discretion, and this figure rose to 36% in the PET era.
Only 1 of 42 and 0 of 34 patients, respectively, relapsed for
a 5-year FFP rate of 98% and 100% (vs. 91% and 95%
for irradiated patients). Among very-low-risk patients by
model B (no risk factors), 29% of responders did not receive
RT (31% in the PET era). Only 1 of 21 and 1 of 14 patients,
respectively, relapsed, for a 5-year FFP rate of 95% and 92%
(vs. 92% and 97% for irradiated patients).

DISCUSSION

Prognostic factors for PMLBCL have been analyzed in several
studies prior to the introduction of rituximab. Generally, aaIPI
had been demonstrated as a powerful prognostic factor in
that era. However, the introduction of rituximab has improved
the outcomes so much that a complete reassessment of prog-
nostic factors became necessary, similarly to what was
observed in DLBCL. Furthermore, it is rather clear that the
reproducibility of the prognostic factors included in the IPI is
not optimal, especially as far as clinical stage, number of
extranodal sites, and even performance status are concerned.
In Table 4, we summarize the results of several series of
patients with PMLBCL under treatment with R-CHOP with
respect to baseline patients’ characteristics and treatment
outcomes. It is obvious that easily reproducible variables, such
as age and LDH, have notably similar values among all series.
On the contrary, there is significant disparity in the frequency
of stage III/IV among series, ranging from 7% to 48%, presum-
ably due to the varying definitions for contiguous versus
noncontiguous extranodal involvement, which can be very
ambiguous in PMLBCL. Likewise, the number of involved
extranodal sites may also be dubious, because of the poten-
tial contiguous involvement of multiple anatomic structures.
The reported rates of poor performance status are also
diverse, ranging from 0% or 12% to 59% (Table 4). Because of
all the above reasons, the scoring of conventional IPI and
aaIPI may not be as accurate in PMLBCL.

In the rituximab era, there are very limited data regard-
ing prognostic factors in PMLBCL, coming from small- to
moderate-sized studies [19,21,37]. In a study from Japan,
only 187 of 345 patients were actually treated with R-CHOP,
and prognostic factor analysis was restricted to the
123 patients, who received R-CHOP without radiotherapy
[37]. However, the exclusion of patients who received RT
may have resulted in selection bias. In this study, stage III/IV
and the presence of serositis were independent prognostic
factors, whereas IPI ≥3 and serositis were used to produce
a prognostic model, based on the impact of IPI on OS in uni-
variate analysis. The second study from British Columbia
was presented as an abstract in the 2012 American Society
of Hematology meeting and was based on the analysis of
96 patients [19]. Relevant prognostic factors where
age > 38 years and the presence of serositis. In the last
study of 63 patients from Boston, the small subgroups of
patients >60 years or with multiple extranodal involvement
had inferior progression-free survival (PFS) and overall sur-
vival in multivariate analysis, whereas the few patients with
advanced stages also had inferior PFS irrespective of other
factors [21]. All these data are summarized in Table 4.

The study reported here is the largest published to date
regarding patients with PMLBCL treated in the rituximab era
and specifically with R-CHOP. We tried to overcome the
issues with staging arising from the definition of contiguous
or noncontiguous extranodal spread by considering any
extranodal involvement as a risk factor. Patients with contig-
uous extranodal involvement had a much poorer outcome
compared with those without extranodal involvement, com-
parable to that of stage IV disease (Table 1). Serum LDH was
prognostic in univariate analysis of FFP but not LSS, and fur-
ther tiering according to the degree of elevation provided
better discrimination, as was also shown for DLBCL in the
NCCN-IPI [55]. Finally, any extranodal involvement and the
presence of highly elevated serum LDH (≥2x ULN) emerged
as independent prognostic factors for FFP. Extranodal
involvement showed evident prognostic significance for both
FFP and LSS, but bulky disease replaced highly elevated LDH
in the analysis of LSS. Neither demographics nor any other
laboratory finding except for LDH were of prognostic signifi-
cance in multivariate analysis, despite significant or border-
line associations of anemia and lymphocytopenia with LSS
and/or FFP in univariate analysis. Interestingly, neither
serositis nor age were significant for FFP or LSS in the final
analysis, in disagreement with previous reports [19,37].

Based on the results of multivariate analysis, we con-
structed two separate models. The first included any
extranodal involvement and highly elevated LDH (factors sig-
nificant for FFP) and the second included any extranodal
involvement and bulk (factors significant for LSS). Both
models were applied for FFP and LSS prediction, as shown in
Figure 1A–D. Both models proved to be very efficient in dis-
criminating a very-low-risk group with 89% FFP at 5 years.
The difference lay in the prediction of LSS: the first model
(model A) delineated a sizeable very-low-risk subgroup
encompassing approximately 50% of the whole patient popu-
lation, with only 4% 5-year risk of disease-related death. The
second model (model B) defined a smaller very-low-risk
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subgroup, encompassing approximately 25% of the whole
patient population, with really minimal risk of disease-related
death of only 1% at 5 years, despite the 11% treatment failure
rate. Although IPI and aaIPI were predictive of FFP and LSS,
their performance was clearly inferior to the above specified
models. This permitted the omission of relatively subjective
variables, such as PS and stage in PMLBCL, and the establish-
ment of more potent and more objective prognostic models.

The prognostic models described here were highly pre-
dictive of the risk of primary progressive disease, which
accounted for almost three-quarters of the observed events
of treatment failure. This information is available at the
time of diagnosis for treatment selection and does not
depend on end-of-treatment (EOT)-PET/CT response assess-
ment. In the PET era, the next question is whether these
baseline prognostic markers can aid further management
decisions at the time of the EOT-PET response assessment.
Even in this large patient cohort, only 19 events were
observed in patients who had already overcome the risk of
primary progression and were eligible for ΕΟT-PET evalua-
tion as responders to R-CHOP. In patients with stringent
metabolic response (IHP criteria or roughly D5PSS 1–2) who
were irradiated (n = 50), the prognostic scores were not
applicable, because no treatment failures were observed.
Although only four relapses (2 CNS-only) were observed
among 60 EOT-PET–negative patients, who were not irradi-
ated at the discretion of the treating physician, model A
was marginally predictive, with very-low-risk patients
experiencing 100% cure rates versus 83%–85% for
patients with one or two risk factors. In the PET-positive
group (IHP criteria or roughly D5PSS 3–5), models A and B
were marginally predictive of FFP and LSS, respectively.
Larger patient numbers are probably required for more
accurate estimation of the effects of these prognostic
markers in each of these cohort fractions. In multivariate
analysis, the level of final PET activity (D5PSS 5) was the
most important factor for tumor control, whereas model A
was again of borderline significance.

Based on the data presented here, the described prog-
nostic models could mainly be used for initial treatment
selection, as they are primarily predictive of the risk of pri-
mary refractory disease. Thus, it seems reasonable to spec-
ulate that very-low-risk patients would be overtreated with
more intensified chemotherapy such R-da-EPOCH,
with potential acute and long-term harm [31,36] abrogating
any marginal benefit in terms of disease control.

In terms of clinical practice, the present study defined
intermediate- and high-risk subgroups of patients with
PMLBCL with 20%–40% risk of treatment failure and 10%–
23% risk of disease-related death. Such patients can be con-
sidered for intensified treatment with R-da-EPOCH, given
the suboptimal outcome with R-CHOP and the >90% dis-
ease control rate reported in the original NCI study,
although the outcome for higher-risk patients has not been
formally investigated. For this reason, a randomized com-
parison between R-da-EPOCH and R-CHOP is still warranted
and could be more powerful if restricted to patients with
one to two risk factors according to either model, who have
substantially higher risk of treatment failure with R-CHOP
compared with very-low-risk patients. More importantly,

however, the present study permitted the objective identifi-
cation of very-low-risk subgroups with 11% risk of treat-
ment failure and minimal risk of disease-related death with
R-CHOP, in whom the toxicity of R-da-EPOCH could be
avoided. In our study, only 8% of such very low-risk patients
were primary refractory to R-CHOP, but the risk of disease-
related death was extremely low. This risk might be further
substantially reduced with the use of checkpoint inhibitors
and chimeric antigen receptor T cells, which can effectively
salvage even heavily pretreated patients [56–59]. However,
a significant issue to consider in the upfront management
of these patients remains the almost universal omission of
RT afforded by R-da-EPOCH, which is particularly relevant in
this young population with female predominance. In the
present study, RT was not used in 29%–36% of EOT-PET–
negative patients, despite the prevailing trend to irradiate
PMLBCL during most of the study period (data not shown),
without major detrimental effect on tumor control. RT con-
solidation may be further limited to less than half of the
patients, pending results of the IELSG-37 study in EOT-PET–
negative patients [60].

Baseline prognostic information may also be derived
from initial staging PET parameters [61–63] and biomarkers
[64,65]. However, such approaches are still investigational
and need standardization and prospective validation. In
addition, baseline PET may not be feasible for logistic rea-
sons in many patients with PMLBCL presenting with acute
complications requiring urgent treatment, especially if not
available on-site, whereas evaluation of biological prognos-
tic factors may not be possible in many cases because of
the small size of the biopsies. For these reasons, clinical
prognostic models are expected to remain particularly use-
ful in the specific setting of PMLBCL and may be enhanced
by functional imaging and biologic markers [66].

The present study has certain limitations, which arise
from its retrospective nature. Central pathology review was
not performed; however, biopsy specimens were examined
by expert hematopathologists. As often happens in the real
world, treatment strategies were not entirely homogenous,
with PET-based response assessment increasing over time
and variable use of RT in patients with strictly defined PET
negativity. However, both risk models offered reliable strati-
fication of the risk of primary refractory disease, which is
not affected by EOT-PET interpretation or RT strategies, and
may facilitate initial treatment selection. These consider-
ations support the applicability of our risk models in every-
day clinical practice. The decision to irradiate or not after
induction therapy is currently based on the initial chemo-
therapy regimen and the final PET result [6,31–
36,60,67,68], whereas the impact of baseline prognostic
markers on this decision remains to be further delineated.
Obviously, the latter issue may not be applicable if patients
with one or two risk factors are selected for R-da-EPOCH
treatment, where RT is typically omitted.

CONCLUSION

The present study specifically establishes objective and eas-
ily applicable clinical prognostic models, which may help
avoid exposing a considerable fraction (25%–50%) of

© 2021 AlphaMed Press

Prognostic Factors in Primary Mediastinal Lymphoma606



patients with PMLBCL to intensified regimens such as R-da-
EPOCH, with only 11% resorting to salvage therapy and
minimal loss in disease-specific survival.
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