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Abstract

To study the main clinico-biological characteristics and the outcome of patients with diffuse large B-cell lymphoma
(DLBCL) according to the primary site (nodal vs. extranodal), we included 262 patients consecutively diagnosed with
DLBCL in a single institution, 5 years before and after immunochemotherapy was considered as the standard treatment.
Altogether 116 patients received CHOP (cyclophosphamide, adriamycin, vincristine, and prednisone) and 146 rituximab
plus CHOP (R-CHOP). The primary site was the lymph node in 140 patients (53%), Waldeyer’s ring (WR) in 22,
gastrointestinal (GI) in 33, and other extranodal in 67. The addition of rituximab significantly improved the CR rate in nodal,
but not in extranodal, lymphomas. Patients receiving R-CHOP showed higher OS than those treated with CHOP alone
(5-year OS: 71% vs. 48%). This difference was maintained in primary nodal (5-year OS: 69% vs. 37%, p5 0.0001), but was
not observed in primary extranodal (75% vs. 65%, p¼ 0.45) lymphomas. The IPI, treatment, and primary site were the main
variables for OS in multivariate analysis. In nodal cases, IPI and treatment maintained value, whereas only IPI predicted OS
in extranodal cases. In conclusion, immunochemotherapy treatment dramatically improved the outcome of patients with
nodal DLBCL; however, its effect was less in primary extranodal cases, so the prognosis of patients with nodal and extranodal
lymphomas has been equalized in the rituximab era.

Keywords: Diffuse large B-cell lymphoma, extranodal, immunophenotyping profile, rituximab, immunochemotherapy,

prognosis

Introduction

Around one-third of non-Hodgkin lymphomas arise

in tissues other than lymph nodes, usually being

termed extranodal lymphomas [1–4]. The incidence

of lymphomas has increased during recent decades,

with that of extranodal lymphomas increasing more

rapidly than nodal [3,5]. Although there are multiple

publications in the literature dealing with etiopatho-

genesis, biological features, clinical characteristics,

and outcome of extranodal lymphomas, most of

them include heterogeneous series of patients, in

which several histologic subgroups are usually

merged [3,4,6–13]. Diffuse large B-cell lymphoma

(DLBCL) is the commonest type of non-Hodgkin

lymphoma inWestern countries, representing around

30% of them [14]. About one-third of DLBCLs have

a primary extranodal origin. Although considered a

single category in the Revised European-American

Lymphoma/World Health Organization (REAL/

WHO) classification, DLBCL most likely includes

different clinicopathologic entities that are currently
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difficult to separate with the standard techniques

[1,15–17]. In this setting, extranodal DLBCL might

also have a specific biologic behavior [18].

Since the incorporation of rituximab (an anti-

CD20 chimeric monoclonal antibody) into the

armamentarium against lymphomas, the combina-

tion of chemotherapy plus rituximab, so-called

immunochemotherapy, has become the gold-stan-

dard treatment in DLBCLs [19]. Thus, up to 15–

20% of improvement in overall survival (OS) has

been demonstrated in different settings of patients

with respect to chemotherapy alone [20–24]. Never-

theless, the effectiveness of immunochemotherapy

has been questioned in some cases, such as in

patients with no tumor expression of bcl-2, those

with bcl-6 expression, or those of germinal-center

origin [25–32]. Little information is available on

the efficacy of immunochemotherapy in patients

with extranodal DLBCL in large series of patients,

although immunochemotherapy is considered the

standard of care.

The aim of the present study was to investigate

the main clinico-biological features of patients

with DLBCL according to the primary origin of the

disease (nodal vs. extranodal), as well as to analyze

the impact of the addition of rituximab to the

standard CHOP (cyclophosphamide, adriamycin,

vincristine, and prednisone) regimen in these groups

of patients.

Patients and methods

Patients

Three hundred sixty-eight patients consecutively

diagnosed with a CD20-positive DLBCL between

January 1997 and December 2006, and followed up

in a single institution, were selected for the present

study. The cases with recognized disease phase of a

follicular lymphoma or another type of indolent

lymphoma with subsequent transformation into a

DLBCL, primary mediastinal, intravascular, and

primary effusion were not included. In addition,

immunodeficiency associated tumors (patients hu-

man immunodeficiency virus [HIV]-positive, 41

cases; post-transplant lymphoproliferative disorders,

five cases) and primary central nervous system

(CNS) lymphoma (12 cases) were excluded from

the study. Finally, 48 patients who received non-

adriamycin-containing chemotherapy for different

reasons were also excluded. Thus, the remaining

262 patients constituted the subjects of the present

study.

Median age of the patients was 60 years (range,

19–81) and the male/female distribution was 134/

128. Main initial characteristics of the patients are

listed in Table I. Advanced stage (Ann Arbor III

or IV) was observed in 140 cases (55%), and any

extranodal involvement in 181 (69%), including

bone marrow infiltration in 52 cases (20%). Alto-

gether, 133 patients of 244 with available data (55%)

had high serum lactic acid dehydrogenase (LDH)

levels, whereas the distribution according to the

International Prognostic Index (IPI) was the follow-

ing: low-risk, 90 cases (37%); low/intermediate,

41 cases (17%); high/intermediate, 51 cases (21%);

high-risk, 62 cases (25%); and non-assessable, 18

cases. The main initial and evolutive variables,

including the histologic parameters indicated below,

were recorded and analyzed for prognosis.

Staging maneuvers included patient history and

physical examination (including Waldeyer’s ring

Table I. Main clinical features at diagnosis of 262 patients with diffuse large B-cell lymphoma according to the primary site of the disease.

Nodal (n¼140) Waldeyer’s ring (n¼ 22) Gastrointestinal (n¼ 33) Other extranodal (n¼67)

Gender (M/F) 67/73 12/10 19/14 36/31

Age (median; range) 60 (19–81) 65 (26–80) 54 (24–78) 60 (21–81)

B-symptoms (%) 41 9* 28** 34

ECOG �2 (%) 46 9* 31** 45

Advanced stage (%) 61 23* 30** 64

Bone marrow (þ) (%) 26 9* 0** 22

High serum LDH (%) 59 43* 33** 59

High serum b2m (%) 55 15* 33** 49

IPI (risk)

Low (%) 30 71* 58** 30

Low/intermediate (%) 20 0* 14** 17

High/intermediate (%) 26 24* 7** 15

High (%) 24 5* 21** 38

*p5 0.01 vs. other groups; **p5 0.05 vs. other groups. The number of patients with available data for ECOG, bone marrow, LDH, b2m,

and IPI were 255, 260, 244, 216, and 244, respectively.

ECOG, Eastern Cooperative Oncology Group; LDH, lactic acid dehydrogenase; b2m, b2-microglobulin; IPI, International Prognostic

Index.
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[WR] area), blood cell counts, and serum biochem-

istry, including LDH and b2-microglobulin (b2m)

levels, computed tomography scans of chest, abdo-

men, and pelvis, as well as bone marrow biopsy.

Treatment

The period of time of the study was 5 years before

(1997–2001) and after (2002–2006) rituximab-

containing chemotherapies were established as the

standard treatment for patients with DLBCL. Thus,

before January 2002, 116 patients (44%) received the

CHOP regimen, and after that time, 146 (56%)

patients were treated with CHOP plus rituximab

(R-CHOP). The distinction between nodal and

extranodal was not taken into account to plan the

treatment. No significant differences were observed

in the main initial features of the patients according

to the treatment given (CHOP vs. R-CHOP) (data

not shown), and, in addition, the policy for using

prophylactic antibiotic and granulocyte colony-sti-

mulating factor (G-CSF) did not vary over time.

Post-therapy re-staging consisted of repetition of

the previously abnormal tests and/or biopsies. Res-

ponse was assessed according to conventional criteria

[33]. Overall, 177 patients achieved a complete

response (CR) (69%), 28 patients a partial response

(11%), and 50 (20%) patients failed to respond

to treatment. In seven cases the response was not

assessable. After a median follow-up of 4.9 years

(range, 0.2–11.9) for surviving patients, 112 patients

have died. The 5-year and 10-year overall survival

was 60% (95% confidence interval [CI]: 54–

66%) and 53% (95% CI: 45–61%), respectively

[Figure 1(A)]. Median follow-up for patients receiv-

ing CHOP and R-CHOP was 8.5 and 3.7 years,

respectively.

Nodal/extranodal definitions

Lymphomas arising in extranodal organs, with no or

only minor lymph node involvement, were consid-

ered as primary extranodal. Lymphomas with lymph

node involvement clinically dominant, as well as

those presenting at the spleen, were considered

as primary nodal. Lymphomas from the Waldeyer’s

ring, although considered nodal, were analyzed

separately. Finally, those lymphomas with extensive

disease involving both nodal and extranodal sites

were considered as nodal [9,12,18].

Histologic features

The diagnosis of DLBCL was based in all cases on

the criteria established in the WHO classification [1].

For the morphologic analysis, all histologic slides

were reviewed by three different observers (A.M.,

L.C., E.C.). The panel of monoclonal antibodies

included antibodies against the following antigens:

CD20, CD79a, CD3, CD5, CD10, MUM-1/IRF4,

CD138, bcl-2, bcl-6, p53, and p27. The proliferative

index was assessed by Ki-67 immunostaining. The

antibodies and the immunohistochemical conditions

of use have been previously described [34]. The

patients were assigned to germinal center B-cell-like

(GCB) or non-GCB groups according to methods

previously described [34,35].

Statistical analysis

Categorical data were compared using Fisher’s exact

test, two-sided p-value, whereas for ordinal data non-

parametric tests were used. Multivariate analysis

of the variables predicting response was performed

using logistic regression. The definitions of CR,

Figure 1. (A) Overall survival (OS) of 262 patients with diffuse large B-cell lymphoma treated with curative intention; (B) OS of the same 262

patients according to the therapy given: CHOP vs. rituximab plus CHOP (R-CHOP).
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disease-free survival (DFS), and OS were the stan-

dard [36]. Actuarial survival analysis was performed

according to the method described by Kaplan and

Meier [37], and the curves compared by log-rank test

[38]. Multivariate analysis for survival was performed

by using the stepwise proportional hazards model

(Cox) [39].

Results

Distribution and clinico-biological features

One hundred patients (38%) presented at a primary

extranodal site and 22 patients (9%) at WR, whereas

the remaining one hundred forty (53%) had a

primary nodal DLBCL, including one lymphoma of

the spleen. Distribution according to the extranodal

site was the following: gastrointestinal (GI) tract (33

cases, 12% of the overall series; with gastric

lymphoma found in 30 cases), soft tissue (16 cases;

6%), breast (13 cases; 5%), lung and pleura (11

cases; 4%), liver (nine cases; 3%), bone (nine cases;

3%), kidney (three cases), testis/ovary (two cases),

bone marrow (two cases), skin, and thyroid (one case

each).

The main clinical features at diagnosis according

to the primary site of the lymphoma are detailed in

Table I. Patients with WR DLBCL more frequently

presented with early stage, ambulatory performance

status, absence of B-symptoms, normal serum albu-

min and b2m levels, and low- or low/intermediate-risk

IPI (p5 0.01 in all cases vs. the other groups). GI

DLBCL also more frequently had an early stage,

absence of bone marrow infiltration, normal serum

LDH, and low- or low/intermediate-risk IPI than the

other groups (p5 0.05 in all cases).

Immunohistochemical expression of the main

single antigens according to the origin of the lym-

phoma is summarized in Table II. No significant

differences were found regarding antigen expression

or differentiation profile as defined by Hans’ algo-

rithm [35].

Response to treatment

No differences were found in the treatment given to

the patients (CHOP vs. R-CHOP) according to

the primary origin of the lymphoma. One hundred

seventy-seven of 255 assessable patients (69%)

achieved CR. Patients with lymphoma of WR (19/

21, 90%) and the GI tract (29/32, 91%) showed a

higher CR rate than the others. Patients receiving R-

CHOP showed a higher CR rate than those treated

with CHOP (78 vs. 60%, respectively; p¼ 0.002).

Moreover, the proportion of primary refractory

patients was significantly lower in those treated with

R-CHOP than in those receiving CHOP (16 vs.

23%, respectively; p¼ 0.002). In Table III, the

differences in CR rate and the proportion of primary

refractory patients are detailed for the different nodal

and extranodal groups. Whereas in nodal lymphomas

the addition of rituximab significantly improved the

CR rate and decreased the proportion of refractory

patients, no significant difference was found between

therapies with CHOP and R-CHOP in primary

extranodal lymphomas.

The following variables predicted for CR achieve-

ment: age5 60 years, ambulatory performance status

(Eastern Cooperative Oncology Group [ECOG]

52), absence of B-symptoms, absence of bulky

disease, early Ann Arbor stage, no bone marrow

involvement, normal serum albumin, and LDH and

b2m levels, as well as the IPI and treatment with R-

CHOP. In logistic regression analysis, IPI (p5 0.001;

relative risk [RR]: 0.13) and R-CHOP (p¼ 0.003;

RR: 2.56) were the most important variables to

predict CR achievement. In patients with nodal

DLBCL, IPI (p5 0.001; RR: 0.32) and R-CHOP

(p¼ 0.03; RR: 2.5) maintained the predictive value.

In primary extranodal cases only IPI (p5 0.003; RR:

0.18) and bulky disease (p¼ 0.04; RR: 0.31) had

importance for CR, whereas R-CHOP lost its

prognostic value.

No single antigen expression or differentiation pro-

file predicted CR achievement. Both germinal-center

Table II. Immunophenotypic features of patients with diffuse large B-cell lymphoma in whom adequate material was available to assess

CD10, bcl-6, MUM-1, and bcl-2 expression, according to the primary site of the disease.

Nodal Waldeyer’s ring Gastrointestinal Other extranodal

bcl-2 expression (%) 37/61 (61%) 10/13 (77%) 5/12 (42%) 19/29 (65%)

CD10þ (%) 20/64 (31%) 1/10 (10%) 4/11 (36%) 8/30 (27%)

bcl-6þ (%) 39/63 (63%) 10/12 (83%) 9/11 (82%) 15/25 (60%)

MUM-1þ (%) 26/44 (59%) 7/9 (78%) 1/4 (25%) 6/15 (40%)

Differentiation profile*

Germinal-center (%) 22/53 (42%) 3/10 (30%) 4/6 (67%) 9/18 (50%)

Non-germinal-center (%) 31/53 (58%) 7/10 (70%) 2/6 (33%) 9/18 (50%)

*As assessed by Hans’ method [35].
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and non-germinal-center lymphomas benefited from

the addition of rituximab, irrespective of the nodal or

extranodal primary site.

Disease-free survival

Forty-two of 177 CR patients eventually relapsed,

with a 5-year DFS of 75% (95% CI: 68–82%). The

DFS according to the primary site of the lymphomas

is detailed in Table III. Patients with primary extra-

nodal lymphoma showed a higher DFS than those

with nodal disease (5-year DFS: 83 vs. 69%, res-

pectively; p¼ 0.02). Overall, patients receiving R-

CHOP did not have a significantly longer DFS than

those treated with CHOP alone (5-year DFS: 76 vs.

70%, respectively; p¼ 0.63). However, when analyz-

ing by subgroups, as indicated in Table III, primary

nodal lymphomas treated with R-CHOP showed a

significantly higher DFS than those treated with

CHOP alone (5-year DFS: 75 vs. 60%, respectively;

p¼ 0.05). DFS curves are depicted in Figure 2.

Overall survival

One hundred and five patients have died during

the follow-up. Twenty-seven patients died within 4

months from diagnosis and were considered as ‘early

deaths.’ Treatment with R-CHOP did not influence

early deaths either in the whole series or in the

primary nodal or extranodal subsets. Five-year OS of

the entire series was 60% (95% CI: 54–66%).

Unfavorable variables predicting OS were: age 460

years, presence of B-symptoms, poor performance

status (ECOG �2), advanced Ann Arbor stage (III–

IV), extranodal involvement �2 sites, bone marrow

involvement, anemia (hemoglobin 512 g/L), throm-

bocytopenia (platelet count 5100 6 109/L), high

erythrocyte sedimentation rate (440 mm/h), low

serum albumin levels, high serum LDH levels, and

high b2m. In addition, bcl-2 protein expression and

absence of bcl-6 expression predicted poor OS. IPI

also had a high value to predict OS. In the whole

series, there was a significant advantage in terms of

OS of patients treated with R-CHOP (5-year OS, 48

vs. 71% for CHOP and R-CHOP, respectively;

p5 0.001) [Figure 1(B)]. The effect of rituximab-

containing treatment among different subsets of

nodal and extranodal lymphomas is detailed in

Table III and depicted in Figure 3. Thus, patients

treated with R-CHOP showed longer OS than those

receiving CHOP alone only in primary nodal cases

(5-year OS: 66 vs. 36%, respectively; p¼ 0.0001).

To further assess the impact of rituximab-contain-

ing regimens on OS according to the different

primary sites of presentation, multivariate analysis

was performed including the most significant vari-

ables predicting OS in the univariate analysis,

along with the primary site of the lymphoma (nodal

vs. extranodal) and the therapy given (CHOP vs.

R-CHOP). In the whole group, in the final model

with 243 assessable patients, IPI (low- vs. inter-

mediate- vs. high-risk; RR: 0.4 [95% CI: 0.23–0.7];

p5 0.001), treatment (CHOP vs. R-CHOP; RR:

1.88 [95% CI: 1.24–2.86]; p¼ 0.003), and primary

site of the lymphoma (nodal vs. extranodal; RR: 1.63

[95% CI: 1.05–2.51]; p¼ 0.01) were the most

important variables to predict OS. This analysis

was performed in primary nodal and extranodal

Table III. Response to treatment, early death, disease-free survival

(DFS), and overall survival (OS) of 262 patients with diffuse large

B-cell lymphoma according to the treatment given{ for the

different primary sites of the disease.

Nodal

(n¼ 140)

Waldeyer’s

ring

(n¼22)

Gastrointestinal

(n¼ 33)

Other

extranodal

(n¼67)

CR rate

CT (%) 51* 100 92 59

R-CT (%) 75* 86 90 72

Primary refractory

CT (%) 33* 0 0 17

R-CT (%) 18* 0 0 16

Early death

CT (%) 9* 0 0 14

R-CT (%) 8* 0 0 8

5-year disease-free survival

CT (%) 60* 100 75 76

R-CT (%) 75* 85 76 84

5-year overall survival

CT (%) 36* 100 92 58

R-CT (%) 66* 80 90 67

*p5 0.05.
{Chemotherapy (CT) vs. rituximab plus chemotherapy (R-CT).

Figure 2. Disease-free survival of patients with diffuse large B-cell

lymphoma according to the primary site of the disease (nodal vs.

extranodal) and the therapy given (CHOP vs. rituximab plus

CHOP [R-CHOP]).
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subgroups. In patients with nodal lymphomas, IPI

(RR: 0.58 [95% CI: 0.30–1.15]; p¼ 0.01) and treat-

ment (RR: 2.78 [95% CI: 1.63–4.55]; p¼ 0.001)

maintained the prognostic value for OS, whereas in

primary extranodal cases only IPI (RR: 0.24 [95%

CI: 0.07–0.75]; p5 0.001) was important for OS.

In the subset of 78 patients with this information

available, neither the expression of single antigens,

nor the GCB or non-GCB cell of origin profile,

predicted OS before or after R-CHOP. The primary

sites did not significantly influence OS in the

different subsets.

Discussion

The primary site of the lymphoma, either the lymph

node or different extranodal territories, can separate

two different groups of DLBCLs, nodal and extra-

nodal, with particular clinico-biological features and

different natural history [18]. It has been suggested

that genetic differences between nodal and extra-

nodal DLBCLs might exist, including single gene

alterations, such as c-MYC, BCL-6, REL, and FAS

(more frequently seen in extranodal DLBCL) [40].

However, no specific alteration has been described,

and, for the moment, the WHO classification does

not take into consideration the primary site of the

lymphoma for the classification.

Consideration of a lymphoma as primary nodal or

extranodal is controversial [12]. Patients with purely

nodal or extranodal involvement are easily classified.

Although in some studies only localized extranodal

lymphomas have been defined as primary extranodal

[7,41], this restrictive criterion gives an incomplete

picture of these lymphomas. For this reason, those

cases with ‘clinically relevant’ extranodal involvement

are usually considered as extranodal [2–4,12,13,18].

Cases with extensive disease, involving both nodal

and extranodal areas, are difficult to categorize. In

the present report, following previous publications,

these cases were included among the nodal lympho-

mas [12]. This may represent a bias against the nodal

group, but does not affect the activity of therapy in

the extranodal subgroup.

For decades, the treatment of patients with

DLBCL was based on chemotherapy. The addition

of rituximab to chemotherapy, so-called immuno-

chemotherapy, dramatically improved the outcome

of these patients, as demonstrated both in clinical

trials and in retrospective population-based studies

[20–24]. Thus, at the present time, immunochem-

otherapy is considered the gold-standard treatment

for any CD20-positive DLBCL [19]. However, since

DLBCL is heterogeneous at the molecular level,

some authors hypothesize that rituximab improves

survival mostly in certain subgroups of DLBCLs.

In fact, different reports have pointed out that the

positive effect of adding rituximab might be only

marginal in specific subsets of patients. For instance,

there are data supporting that only patients with bcl-

2-positive tumors (but not those bcl-2-negative)

[25,27,28] or only patients bcl-6-negative (but not

those bcl-6-positive) [29] significantly benefit from

immunochemotherapy. Moreover, patients with ac-

tivated B-cell-like (ABC)-DLBCL seemed to benefit

much more from adding rituximab than patients with

GCB-DLBCL [31]. Certainly, these observations

should be confirmed in prospective larger series, and,

in fact, recently published data seem to disprove

some of these assertions [32,42].

The present study confirms that the use of

immunochemotherapy dramatically improved both

the CR rate and OS in an unselected series of

DLBCL patients from a single institution. Interest-

ingly, when analyzing the results according to the

different primary sites of the disease, we found that

the benefit of adding rituximab mainly affected nodal

lymphomas, whereas it was much lower in primary

extranodal cases. In fact, the use of immunochem-

otherapy equalized the prognosis of nodal and

extranodal DLBCL (Figures 2 and 3). These find-

ings were not related to the initial risk of the patient,

as measured by Ann Arbor stage or IPI. Several

reasons could be invoked to explain the present

findings. The subset analysis tends to fractionate the

series into small groups, in which it would be more

difficult to reach statistical significance. On the other

hand, patients with WR and GI DLBCLs had such a

good outcome when treated with chemotherapy

alone that it is very difficult to demonstrate an

improvement of the results. In this sense, the number

of patients with extranodal DLBCL in the current

series is not powered to discard a benefit of

Figure 3. Overall survival of patients with diffuse large B-cell

lymphoma according to the primary site of the disease (nodal vs.

extranodal) and the therapy given (CHOP vs. rituximab plus

CHOP [R-CHOP]).
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rituximab. Moreover, although the initial features of

the patients before and after the rituximab era were

similar, the historical comparison is a potential weak-

ness of the present study. Anyhow, it would be

interesting to speculate whether this relative lack of

effectiveness of immunochemotherapy could reflect

some biological particularities of extranodal DLBCL.

Thus, recent publications [42,43] have pointed out

the importance of the microenvironment in tumor

invasion, disease progression, and clinical outcome

of patients with DLBCL, but no information is

available on how the microenvironment could affect

the response to immunochemotherapy. There are

no data on how the stromal gene signatures could

be differentially expressed in nodal and extranodal

DLBCLs.

We have stressed in this study that the benefit

of rituximab in patients with primary extranodal

DLBCL was clearly lower than in patients with nodal

DLBCL. We consider that this information is

interesting, and worthwhile communicating. How-

ever, to change the current gold-standard for all

patients with DLBCL, R-chemotherapy, and to

perform a new randomized trial in extranodal cases

is not realistic. Nevertheless, the retrospective analy-

sis of patients included in the large randomized trials

according to the nodal vs. extranodal origin would be

of interest. In addition, it would be important to take

into consideration the primary origin status (nodal vs.

extranodal) of the lymphoma in future trials.

In conclusion, the primary site of the disease was

associated with particular clinico-biological features

and outcome in patients with DLBCL in the present

series. The use of immunochemotherapy dramati-

cally increased the outcome of nodal DLBCL,

whereas its effect was much lower in primary extra-

nodal cases, so the prognosis of patients with nodal

and extranodal lymphomas has been equalized in the

rituximab era.
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Diffuse large B-cell lymphomas (DLBCLs)
can be divided into germinal-center B cell–
like (GCB) and activated-B cell–like (ABC)
subtypes by gene-expression profiling
(GEP), with the latter showing a poorer out-
come. Although this classification can be
mimicked by different immunostaining algo-
rithms, their reliability is the object of contro-
versy. We constructed tissue microarrays
with samples of 157 DLBCL patients homo-
geneously treated with immunochemo-
therapy to apply the following algorithms:

Colomo (MUM1/IRF4, CD10, and BCL6
antigens), Hans (CD10, BCL6, and MUM1/
IRF4), Muris (CD10 and MUM1/IRF4 plus
BCL2), Choi (GCET1, MUM1/IRF4, CD10,
FOXP1, and BCL6), and Tally (CD10,
GCET1, MUM1/IRF4, FOXP1, and LMO2).
GEP information was available in
62 cases. The proportion of misclassified
cases by immunohistochemistry com-
pared with GEP was higher when defining
the GCB subset: 41%, 48%, 30%, 60%,
and 40% for Colomo, Hans, Muris, Choi,

and Tally, respectively. Whereas the GEP
groups showed significantly different
5-year progression-free survival (76% vs
31% for GCB and activated DLBCL) and
overall survival (80% vs 45%), none of the
immunostaining algorithms was able to
retain the prognostic impact of the groups
(GCB vs non-GCB). In conclusion, stratifi-
cation based on immunostaining algo-
rithms should be used with caution in
guiding therapy, even in clinical trials.
(Blood. 2011;117(18):4836-4843)

Introduction

Diffuse large B-cell lymphoma (DLBCL), although considered a
single category in the World Health Organization classification,
most likely includes different clinicopathologic entities difficult
to separate using standard techniques.1,2 From the clinical
standpoint, the introduction of immunochemotherapy in the
treatment of DLBCL has dramatically improved the outcome of
these patients compared with chemotherapy alone.3-8 However,
a significant proportion of these patients (20%-30%) become
refractory or eventually relapse.9 Therefore, the identification of
factors, either biologic or clinical, that can identify patients at a
higher risk is a priority. Different prognostic factors for response
and survival have been described for DLBCL, but in the
rituximab era, the role of these biologic prognostic factors has
yet to be determined.10

DLBCLs can be divided by gene-expression profiling (GEP)
studies into germinal center B cell–like (GCB) and activated
B cell–like (ABC) subtypes, with the latter having a signifi-
cantly poorer outcome than the GCB group.11 These molecular
subtypes are associated with different outcomes, even after the
introduction of immunochemotherapy.12 However, GEP tech-
niques are not applicable to the routine clinical practice, and

different approaches using immunophenotypic algorithms with
small panels of biomarkers have been developed to translate the
robust information from molecular studies into a routine clinical
platform.13-17 Two of these algorithms were designed in the
preimmunotherapy era and the other 3 were used in cohorts of
patients treated with rituximab. The biomarkers used included
the GCB markers CD10, BCL6, GCET1, and LMO2 and
antigens related to postgerminal center (non-GCB) differentia-
tion, such as MUM1/IRF4 and FOXP1. In addition, the categori-
zation of DLBCL into a GCB or non-GCB subgroup was shown
to be associated with clinicopathologic features of tumors and
predicted patient outcome in some studies but not in others.13-23

The reasons for these contradictory results may be complex, and
include difficulties in the standardization of both the staining
methodologies and evaluation of the results24 and heterogeneity
in the characteristics of the patients in the different studies.13-18

However, it is not clear whether any of the algorithms is superior
to the others in obtaining GEP molecular information, because a
comparative study using all of them has not been performed and
only 3 studies have associated the immunophenotypic algorithm
with the GEP molecular classification.
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The aim of the present study was to compare the above-
mentioned algorithms in a series of patients with DLBCL homoge-
neously treated with immunochemotherapy to assess their correla-
tion with GEP data and their usefulness in predicting patient
outcome.

Methods

Patients

Two-hundred eighty-seven patients were diagnosed with DLBCL from
January 2002 to December 2006 in 5 institutions from the Grup per l’Estudi
dels Limfomes de Catalunya i Balears (GELCAB). Patients with a
recognized disease phase of follicular lymphoma or another type of indolent
lymphoma with subsequent transformation into a DLBCL, as well as those
with immunodeficiency-associated tumors, posttransplant lymphoprolifera-
tive disorders, and those with intravascular, central nervous system, primary
effusion, or primary mediastinum lymphomas were excluded from the
study. In 157 of 287 patients, the material necessary to construct a tissue
microarray (TMA) and to assess the expression of the different antigens was
available. These patients constituted the subjects of the present study. No
significant differences were observed regarding main initial features and
outcome between the 157 patients with available TMA and the remainder
(data not shown). The study was approved by the Ethical Committee of the
Hospital Clínic, University of Barcelona. Informed consent was obtained in
accordance with the Declaration of Helsinki.

Staging measures included patient history and physical examination;
blood cell counts; serum biochemistry, including lactate dehydrogenase
(LDH) and �2-microglobulin (�2m) levels; chest, abdomen, and pelvis
computerized tomography scans; and bone marrow biopsy. Posttherapy
restaging consisted of a repetition of the previous tests and/or biopsies.
Response was assessed according to conventional criteria.25

The median age of the patients was 65 years (range 17-91) and the
male/female distribution was 77/80. The main characteristics of the patients
are listed in Table 1. All patients received rituximab-containing chemothera-
pies, including regimens with anthracyclines in 133 (85%) patients.
Response to treatment was as follows: 119 (76%) complete responses

(CRs), 4 partial responses (2%), and 34 nonresponses (22%). The median
follow-up for surviving patients was 4.3 years (range 0.8-8.6). The 5-year
progression free-survival (PFS) of the series was 50% (95% CI: 42%-58%).
Sixty-one patients died during the follow-up, with a 5-year overall survival
(OS) of 58% (95% CI: 50%-66%). PFS and OS curves are shown in Figure
1. The main initial and evolutive variables, including the histologic
parameters indicated in “Histologic review and TMA construction,” were
recorded and analyzed for prognosis.

Histologic review and TMA construction

The diagnosis of DLBCL was based on the criteria established in the World
Health Organization classification.1 The diagnostic samples were reviewed
by expert hematopathologists from the 5 hospitals of the GELCAB
involved in the study. All immunohistochemical studies were performed
after constructing TMAs, including two 1-mm representative cores of each
case using a tissue arrayer (MTA I; Beecher Instruments). Standardized
methods for tissue fixation (10% buffered formalin) and processing were
used at all participating centers. The immunostains were performed on
formalin-fixed, paraffin-embedded tissue sections using a fully automated
immunostainer (Bond-Max; Vision BioSystems). All immunostains were
centralized in one of the centers involved in the study and evaluated in
common in a multiheaded microscope. The conditions and antibodies are
shown in Table 2. CD10, BCL6 (kindly provided by Dr M. A. Piris, Centro
Nacional de Investigaciones Oncológicas, Madrid, Spain), MUM1/IRF4,
BCL2, FOXP1 (kindly provided by Dr A. H. Banham, John Radcliffe
Hospital, Oxford, United Kingdom), GCET1 (kindly provided by Dr M. A.
Piris), and LMO2 were the markers used to build the algorithms. The
assessment of CD10, BCL6, MUM1/IRF4, and BCL2 was performed
according to the original studies describing the algorithms and following
the recent guidelines recommended for their interpretation by the Lunen-
burg Lymphoma Biomarker Consortium. Appropriate internal controls
were necessary to evaluate the immunostains.26 FOXP1, GCET1, and
LMO2 were evaluated based on previous publications.27-29 Endothelial cells
were used as internal controls for FOXP1 and LMO2. For GCET1, tonsil
sections were used as an external control.

The diagnostic samples and immunohistochemical studies were re-
viewed by at least 3 expert hematopathologists blinded to the clinical
details. The cores were evaluated in a semiquantitative manner, and all
markers used to build the algorithms were dichotomized at a positive cutoff
that depended on the algorithm used. Small biopsy samples that could not
be included in a TMA and cores that dropped off of the TMAs were studied
as whole-tissue sections. For individual cores with discordant results, the
core with the most representative and highest number of positive cells was
scored. The discrepancies between the observers were resolved by reaching
consensus.

In addition to the markers included in the immunophenotypic algo-
rithms, we also studied the new GCB markers HGAL, IRF8, and JAW1 and
the non-GCB markers XBP1 and BLIMP1. These additional biomarkers

Table 1. Initial and evolutive features of 157 patients with DLBCL

Feature n (%)

Age

median (range) 65 (17-91)

� 60 y 65 (41%)

Sex

Female 80 (51%)

Male 77 (49%)

Poor performance status (ECOG-PS� 1) 66 (42%)

B-symptoms 55 (35%)

Extranodal involvement 63 (40%)

Bone marrow involvement 46 (29%)

Ann Arbor stage III-IV 94 (60%)

High serum LDH 93 (59%)

High serum �2-m� 64 (47%)

IPI

Low risk 47 (30%)

Low/intermediate risk 35 (22%)

High/intermediate risk 38 (25%)

High risk 37 (23%)

Response to therapy

CR 119 (76%)

Partial response 4 (2%)

Nonresponse/progression 34 (22%)

��2m levels were available in 135 cases.
ECOG-PS indicates Eastern Cooperative Oncology Group performance status.

Figure 1. PFS and OS of 157 patients with DLBCL.
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Figure 2. Five immunostaining algorithms used to assess differentiation profile (GCB vs non-GCB) in patients with DLBCL.

Table 2. Immunophenotyping study: antibodies and conditions of use

Antigen Source Dilution Incubation, min

CD20/CD79a Dako 1:80 30

CD10 Novocastra 1:25 30

BCL6 Centro Nacional de Investigaciones Oncológicas 1:25 60

GCET1 Centro Nacional de Investigaciones Oncológicas 1:1 30

HGAL Dako 1:500 60

IRF8 Santa Cruz Biotechnology Sc 13043 rabbit polyclonal 1:100 60

LMO2 Santa Cruz Biotechnology Sc 65736 mouse monoclonal 1:4000 60

JAW1 Santa Cruz Biotechnology Sc 11688 goat polyclonal 1:100 60

MUM1/IRF4 Dako 1:400 60

FOXP1 A. H. Banham 1:80 30

BLIMP1 Santa Cruz Biotechnology Sc 13206 1:2 60

XBP1 Santa Cruz Biotechnology Sc 7160 1:400 120

BCL2 Dako 1:75 60

4838 GUTIÉRREZ-GARCÍA et al BLOOD, 5 MAY 2011 � VOLUME 117, NUMBER 18personal use only.
For at CRAI UNIVERSITAT DE BARCELONA on May 9, 2011. bloodjournal.hematologylibrary.orgFrom



were evaluated semiquantitatively and the samples were stratified into
5 groups according to the percentages of positive tumor cells:
1 (0%- � 10%), 2 (10%-25%), 3 (26%-50%), 4 (51%-75%), and
5 (� 75%). The positive values and cutoff for these new markers was
assessed based on previous studies.29-32

Immunophenotypic algorithms

To determine the origin of GCB or non-GCB, we applied 5 different
algorithms described previously using the following panel of antibodies:
CD10, BCL6, MUM1/IRF4, GCET1, FOXP1, LMO2, and BCL2. The
thresholds used were those described previously in the literature for each
algorithm and are detailed in Figure 2. In the Colomo algorithm (Figure 2A),
the non-GCB phenotype was established if MUM1/IRF4 was positive. The
cases that were negative for MUM1/IRF4 and positive for CD10 were
considered to be the GCB phenotype. Cases negative for MUM1/IRF4 and
CD10 and positive for BCL6 were also assigned to the GCB group. Finally,
cases negative for the 3 markers were considered as not classified.13 For the
Hans algorithm (Figure 2B), the cases were assigned to the GCB phenotype
if CD10 alone or both CD10 and BCL6 were positive. If both CD10 and
BCL6 were negative, the case was considered to be of non-GCB origin.14 In
the Muris algorithm (Figure 2C), cases positive for CD10 were assigned to
the GCB phenotype. Cases negative for CD10 were differentiated accord-
ing to MUM1/IRF4 expression into the ABC or the GCB phenotype.
Thereafter, BCL2 immunostaining was used to separate 2 different prognos-
tic groups (1 and 2).15 The 2 steps of the Muris algorithm were used to
assess GCB versus ABC status and the prognostic impact of the algorithms
was applied. In the Choi algorithm (Figure 2D), the cases positive for
MUM1/IRF4 and/or FOXP1 or negative for CD10 and BCL6 were assigned
to the non-GCB group. The cases positive for CD10, GCET1 without
MUM1 expression, or positive for BCL6 without FOXP1 expression were
classified as GCB.16 In the Tally algorithm (Figure 2E) described recently,
the method included an equal number of GCB markers (GCET1 and CD10)
and non-GCB markers (FOXP1 and MUM1/IRF4). This algorithm was
constructed from the immunophenotype pair with more positive antigens.
Because 2 antibodies are used for each type, the LMO2 antigen determines
the phenotype (GCB or non-GCB) when the score is equal in the
2 categories.17

GEP

A subset of 62 samples with RNA extracted from fresh frozen lymph nodes
was investigated using Affymetrix HG U133 plus 2.0 gene expression
arrays. All gene expression array data were normalized using MAS5.0
software, and were log2 transformed. We used the Bayesian compound
covariate predictor of the ABC/GCB DLBCL described previously.12,33 All
samples predicted as ABC DLBCL at greater than 90% were called ABC
DLBCL. The samples that showed less than 10% of probability of being
called ABC DLBCL were classified as GCB DLBCL. All the other cases
were considered unclassified DLBCL.

Statistical analysis

The definitions of CR, PFS, and OS were according to standard criteria.25

Categorical data were compared using the Fisher exact test and the 2-sided
P value, whereas nonparametric tests were used for ordinal data. The
multivariate analysis of the variables predicting response was performed
with the logistic regression method.34 The actuarial survival analysis was
performed according to the Kaplan-Meier method, and the curves were
compared with the log-rank test.35 The multivariate analysis for survival
was performed using the stepwise proportional hazards model (Cox).36

Results

Immunophenotypic profile

The immunohistochemistry expression of single antigens is de-
tailed in Table 3. The distribution of the patients according to the
differentiation phenotype (GCB vs non-GCB) after applying the
different algorithms is shown in Table 4. The distribution of the
cases according to the phenotype was similar for the Colomo and
Hans algorithms. In the Choi and Tally algorithms, the proportion
of non-GCB cases assigned was significantly higher (non-GCB vs
GCB, 67% vs 33%, and 63% vs. 37%, respectively). In the Muris
algorithm, the majority of the cases were allocated as the GCB
phenotype (GCB vs non-GCB, 57% vs 43%). The Colomo
algorithm is the only one of the 5 algorithms that considers a
category of “not classified,” and 23 tumors were included in this
group. Although most of these cases would be categorized in the
non-GCB subtype in the other classifiers, we excluded the Colomo
algorithm for the comparison between the other algorithms.
Therefore, the other 4 algorithms (Hans, Muris, Choi, and Tally)
were completely assessed in 135 patients, with 111 cases (82%)
being allocated to the same GCB or non-GCB group.

GEP: concordance with immunohistochemistry

GEP data were available for 62 patients: 30 cases were allocated to
GCB origin (48%), 22 cases to ABC origin (36%), and 10 cases
(16%) were considered unclassified. No differences in terms of
initial features and outcome were observed between the patients
with GEP information and those without (data not shown).

The relationship between the expression of single antigens and
GEP is shown in Table 5. Only CD10 and JAW1 expression were
significantly correlated with GCB origin according to GEP
(P � .007 and P � .01, respectively), whereas MUM1/IRF4 expres-
sion was correlated with ABC origin (P � .02).

Table 3. Immunohistochemical expression of single antigens in
157 patients

Antigen
No. of assessable

samples
No. of positive
samples (%)

CD10� 157 41 (26%)

BCL6� 146 94 (64%)

GCET1� 146 67 (46%)

HGAL 139 61 (44%)

IRF8 147 42 (29%)

LMO2� 143 60 (42%)

Jaw1 149 126 (85%)

MUM1/IRF4� 148 41 (28%)

FOXP1� 143 112 (78%)

BLIMP1 147 66 (45%)

XBP1 104 28 (27%)

BCL2� 152 76 (50%)

�Antigens used to build up the algorithms.

Table 4. Distribution, CR rate, PFS, and OS of 157 patients with
DLBCL according to immunophenotype (GCB vs non-GCB)

Algorithm n (%) CR rate, n (%) 5-year PFS 5-year OS

Colomo

GCB 53 (44%) 39 (74%) 48% 54%

Non-GCB 68 (56%) 53 (78%) 55% 62%

Hans

GCB 61 (41%) 47 (77%) 54% 60%

Non-GCB 88 (59%) 67 (76%) 52% 59%

Muris

GCB 87 (57%) 63 (72%) 48% 57%

Non-GCB 65 (43%) 51 (78%) 56% 63%

Choi

GCB 45 (33%) 32 (71%) 48% 54%

Non-GCB 90 (67%) 70 (78%) 52% 61%

Tally

GCB 55 (37%) 45 (82%) 63% 56%

Non-GCB 92 (63%) 65 (71%) 54% 47%
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The concordance between the GEP profiles and the patterns of
immunohistochemistry as assessed by the 5 algorithms is shown in
Table 6. A significant correlation was observed between GEP data
and the Colomo (P � .02), Hans (P � .015), Muris (P � .04), and
Tally (P � .02) algorithms, whereas the correlation did not reach
significance with Choi algorithm (P � .1). A higher percentage of
misclassified cases was observed in the GCB than in the non-GCB
subgroup. The proportion of GCB-DLBCL cases that were not
correctly allocated by immunohistochemistry was 41%, 48%, 30%,
60%, and 46% for the Colomo, Hans, Muris, Choi, and Tally
algorithms, respectively. Conversely, the proportion of ABC pa-
tients who were not properly assigned according to the different
algorithms was 19%, 15%, 38%, 16%, and 20% for the Colomo,
Hans, Muris, Choi, and Tally algorithms, respectively. The sensitiv-
ity in the GCB group was 59%, 52%, 70%, 40%, and 53% for the
Colomo, Hans, Muris, Choi, and Tally algorithms, respectively; the
sensitivity in the non-GCB group was 81%, 85%, 62%, 84%, and
80%, respectively.

Clinical significance of GEP and immunohistochemistry
profiles

The CR rate of the series was 76%. CR achievement was observed
more frequently in patients with absence of B-symptoms, ambula-
tory performance status, absence of extranodal involvement or
bulky mass, normal serum �2-m, adriamycin-containing chemo-
therapy, and low-risk International Prognostic Index (IPI) scores.
Neither single-antigen expression nor the differentiation profile as

assessed by the immunohistochemistry algorithms was able to
predict CR (Table 4). GEP profiles also did not predict CR.

Seventy-four of 157 patients eventually progressed, including
36 of the 119 patients who reached a CR. The 5-year PFS was 50%
(95% CI: 42%-58%; Figure 1). Variables with unfavorable prognos-
tic value for PFS were: presence of B-symptoms, nonambulatory
Eastern Cooperative Oncology Group performance status
(ECOG-PS � 1), extranodal involvement at � 1 sites, advanced
Ann Arbor stage (III-IV), high serum LDH, high serum �2-m
levels, and high-risk IPI score. High BCL2 protein expression also
predicted poor PFS (5-year PFS 27% vs 56% for BCL2 � 75%
vs � 75%, respectively; P � .003). In addition, the differentiation
profile (GCB vs ABC) as assessed by GEP was able to predict PFS
(5-year PFS, 76% vs 31%, respectively; P � .005), as shown in
Figure 3A. Conversely, the immunophenotypic profiles as assessed
by the 5 different algorithms did not show significant prognostic
value for PFS (Table 4).

Sixty-one patients died during follow-up, with a 5-year OS of
58% (95% CI: 50%-66%; Figure 1). Unfavorable variables
predicting OS were: age � 60 years, poor performance status
(ECOG-PS � 1), advanced Ann Arbor stage (III-IV), high
serum LDH levels, high serum �2-m level, and high-risk IPI
score. Patients treated with adriamycin-containing chemo-
therapy also showed a significant advantage in terms of OS.
Among the single antigens tested, only BCL2 overexpression
( � 75%) was correlated with poor OS. Differentiation profile as
assessed by GEP (GCB vs ABC) showed a significant prognostic
value for OS in the subset of patients with this GEP information,
with a 5-year OS of 80% vs 45%, respectively (P � .03;
Figure 3B). In contrast, none of the profiles assessed by
immunostaining was able to predict OS, as shown in Table 4 and
Figure 4. When the 2-step Muris algorithm, which included
BCL2 immunostaining, was used, the algorithm was also unable
to predict OS (5-year OS 59% vs. 48% for groups 1 and 2,
respectively; P � .4). The results were the same when the study
was performed in 133 patients receiving strictly R-CHOP
(cyclophosphamide, hydroxydaunorubicin, oncovin, and

Table 6. Concordance between GEP (GCB vs ABC) and the
immunohistochemistry patterns (GCB vs non-GCB) as assessed by
5 algorithms in 52 patients with available GEP information

Algorithm

GEP

GCB, n (%) ABC, n (%)

Colomo�

GCB 13 (59%) 3 (19%)

Non-GCB 9 (41%) 13 (81%)

Hans†

GCB 15 (52%) 3 (15%)

Non-GCB 14 (48%) 17 (85%)

Muris‡

GCB 21 (70%) 8 (38%)

Non-GCB 9 (30%) 13 (62%)

Choi§

GCB 10 (40%) 3 (16%)

Non-GCB 15 (60%) 16 (84%)

Tally¶

GCB 15 (54%) 4 (20%)

Non-GCB 13 (46%) 16 (80%)

�P � .02.
†P � .02.
‡P � .04.
§P � .1.
¶P � .02.

Table 5. Correlation between GEP and different single antigens in
52 DLBCL patients with available microarray data

Antigen

GEP

No. of
assessable

patients GCB, n (%) ABC, n (%)

CD10� (�)

(�)

52 19 (47)

11 (92)

21 (53)

1 (8)

BCL6 (�)

(�)

48 12 (44)

15 (71)

15 (56)

6 (36)

MUM1/IRF4† (�)

(�)

49 22 (68)

6 (35)

10 (32)

11 (65)

IRF8 (�)

(�)

50 21 (64)

7 (41)

12 (34)

10 (59)

GCET1 (�)

(�)

48 12 (52)

16 (64)

11 (48)

9 (36)

GCET2 (�)

(�)

50 12 (55)

16 (57)

10 (45)

12 (43)

FOXP1 (�)

(�)

49 6 (86)

21 (50)

1 (14)

21 (50)

LMO2 (�)

(�)

48 10 (48)

18 (67)

11 (52)

9 (33)

JAW1‡ (�)

(�)

50 0 (0)

29 (63)

4 (100)

17 (37)

BLIMP1 (�)

(�)

49 14 (54)

15 (65)

12 (46)

8 (35)

XBP1 (�)

(�)

25 10 (63)

7 (78)

6 (37)

2 (22)

BCL2 (�)

(�)

51 20 (67)

9 (43)

10 (33)

12 (21)

�P � .007.
†P � .01.
‡P � .02.
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prednisone/prednisolone plus rituximab; supplemental Figures
1-2, available on the Blood Web site; see the Supplemental
Materials link at the top of the online article). A multivariate
analysis was performed in the 52 patients with GEP information,
including differentiation profile (GCB vs ABC profile), BCL2
expression ( � 75% vs � 75%), and IPI score. In the final
model with 52 cases, differentiation profile was the most
important variable in predicting OS (risk ratio 3.3; P � .04).

Discussion

Two types of DLBCL can be recognized on the basis of GEP
data: GCB-DLBCL and ABC-DLBCL. These groups have a
different cell origin and a distinct clinical behavior, with
patients carrying an ABC-DLBCL tumor showing a poorer
outcome than patients with a GCB tumor.11 This fact, originally
described in the pre-rituximab era, has been recently confirmed
in patients receiving immunochemotherapy.12 In addition to the
prognostic interest, the molecular classification might be useful
in selecting treatments that could be active only in specific
subtypes of DLBCL, such as the effective use of bortezomib in
ABC-DLBCLs.37-39 Therefore, GEP information is not only of
academic interest, but could also be an important decision
element in the management of the patients in the near future.

Unfortunately, GEP assessment using microarrays is not feasible
in routine clinical practice. For this reason, different attempts
have been made at capturing the prognostic categorization of
GEP information using a more friendly technical approach such
as immunohistochemistry. This method can be performed in
archival, formalin-fixed, paraffin-embedded tissues and is fea-
sible at any pathology laboratory. Different algorithms have
been created combining the expression of well-known antigens,
including the ones analyzed in the present study (Colomo, Hans,
Muris, Choi, and Tally; Figure 2).13-17 The real value of these
algorithms as a surrogate for GEP data and to define the
prognosis of patients with DLBCL is the subject of controversy
and was the reason for the present study.

This study was performed in a homogeneous and representa-
tive series of patients with DLBCL diagnosed and treated with
immunochemotherapy in 5 hospitals from the GELCAB. Clini-
cal features and outcome were as expected for an unselected
series of DLBCLs. TMA construction and the assessment of the
different antigens were performed based on information from
original descriptions.13-17 Although a significant association
between GEP and immunophenotypic profiles was observed
(Table 6), the positive and negative predictive values were poor
for the 5 algorithms tested. In fact, 30%-50% of GCB-DLBCLs
and 15%-25% of ABC-DLBCLs were incorrectly allocated by
immunohistochemistry, making its use difficult in clinical
practice. Furthermore, in prognostic terms, the applicability of
the algorithms was poor in the current series. Although, the
number of cases studied by GEP was relative low, the molecular
GCB and ABC subtypes showed a clearly differentiated out-
come in terms of PFS and OS. As reflected in Figure 4, none of
the 5 algorithms was capable of defining groups with prognostic
impact.

The current results contradict other studies supporting an
excellent correlation between immunohistochemistry and GEP in
terms of prognosis.14,16,17 However, some others studies agree with
ours in regard to the lack of clinical significance of the immuno-
phenotypic profiles in patients treated with immunochemo-
therapy.18 Several factors may account for these discrepancies,
including the population studied and the methodology used. First,
retrospective analysis of a heterogeneous series with different
therapies may have confounded the results. However, the present
study was an unbiased, population-based series, with patients
homogenously treated with immunochemotherapy. On the other
hand, we have included both nodal and extranodal DLBCLs. The
main clinical features, including IPI scores, seem to be very similar
to other publications.17 Secondly, technical shortcomings and
interobserver discrepancies in the interpretations of the immuno-
staining slides most likely have an important role in the divergent
data. The liability of immunohistochemistry has been pointed out
in several studies, including the Lunenburg Lymphoma Biomarker
Consortium study, which was an important step forward in
standardizing the immunohistochemical studies of these lympho-
mas.26 In our study, we followed the Lunenburg indications to
evaluate the antigens described in the consortium. However, some
of the antigens used to build up the algorithms are relatively new
and the evaluation criteria have not been thoroughly investigated.
Therefore, we cannot rule out the possibility that differences in the
evaluation of the immunostaining with the newer markers could be
part of the discrepancy compared with more recently described
algorithms. The low-positive values of markers considered abso-
lutely typical of GCB (ie, GCET1 and LMO2) were positive in
64% and 67% of the cases, respectively, and for the ABC subtype

Figure 3. PFS and OS of 52 patients with GEP data available according to
molecular subtype (GCB vs ABC) profile.
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(ie, FOXP1) were positive in 50% of the cases (Table 5).
However, we also observed discrepant results using the more
established algorithms, suggesting that the reasons for the
discordance may not be merely attributable to interpretative
differences. We believe that one of the most important difficul-
ties in immunohistochemical attempts to reproduce GEP results
is the limitation of capturing information obtained from com-
plex gene-expression signatures on a large number of genes
using a very small number of antigens. Therefore, to reliably
reproduce GEP information and to transfer it to the clinical
practice, new technologies, probably different from standard
immunohistochemistry, are warranted.

In summary, in the present study, none of the 5 immunohisto-
chemical algorithms was able to accurately predict the GEP

subtype or to separate molecular groups with prognostic value. As a
consequence, stratification based on immunohistochemical algo-
rithms for guiding therapy should be viewed very cautiously, even
in clinical trials.
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