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A B S T R A C T

Purpose
Diffuse large B-cell lymphoma (DLBCL) represents a clinically heterogeneous disease. Models

based on immunohistochemistry predict clinical outcome. These include subdivision into germinal
center (GC) versus non-GC subtypes; proliferation index (measured by expression of Ki-67), and
expression of BCL-2, FOXP1, or B-lymphocyte-induced maturation protein (Blimp-1)/PRDM1. We
sought to determine whether immunohistochemical analyses of biopsies from patients with
DLBCL having HIV infection are similarly relevant for prognosis.

Patients and Methods

We examined 81 DLBCLs from patients with AIDS in AMCO010 (cyclophosphamide, doxorubicin,
vincristine, and prednisone [CHOP] v CHOP-rituximab) and AMCO034 (etoposide, doxorubicin,
vincristine, prednisone, and dose-adjusted cyclophosphamide plus rituximab concurrent v sequen-
tial) clinical trials and compared the immunophenotype with survival data, Epstein-Barr virus (EBV)
positivity, and CD4 counts.

Results
The GC and non-GC subtypes of DLBCL did not differ significantly with respect to overall survival

or CD4 count at cancer presentation. EBV could be found in both subtypes of DLBCL, although
less frequently in the GC subtype, and did not affect survival. Expression of FOXP1, Blimp-1/
PRDMT1, or BCL-2 was not correlated with the outcome in patients with AIDS-related DLBCL.

Conclusion
These data indicate that with current treatment strategies for lymphoma and control of HIV

infection, commonly used immunohistochemical markers may not be clinically relevant in
HIV-infected patients with DLBCL. The only predictive immunohistochemical marker was found to
be Ki-67, where a higher proliferation index was associated with better survival, suggesting a
better response to therapy in patients whose tumors had higher proliferation rates.

J Clin Oncol 27:5039-5048. © 2009 by American Society of Clinical Oncology

Gene expression profiling has been used to
stratify DLBCLs into prognostically distinct sub-

Diffuse large B-cell lymphoma (DLBCL) is the
most common type of non-Hodgkin’s lymphoma
(NHL), accounting for 30% to 40% of newly diag-
nosed cases in the United States.' DLBCLSs are mor-
phologically and clinically heterogeneous. On the
basis of routine pathologic evaluation alone, it is
often difficult to reproducibly segregate DLBCLs
into clinically distinct groups. Clinical parameters,
such as the International Prognostic Index, have
been used to predict prognosis.” Presumably, the
International Prognostic Index reflects underlying
differences in tumor biology and genetics.

groups. One such schema subdivided DLBCLs into
germinal center B-cell-like (GCB) DLBCLs, acti-
vated B-cell-like (ABC) DLBCLs, and heteroge-
neous “type 3” subtypes,™ which are associated
with distinct genetic alterations.” GCB-DLBCL has
significantly better survival than the ABC or type 3
groups. A second model developed different expres-
sion signatures when cases were grouped according
to clinical outcome, defining three subsets: oxidative
phosphorylation, B-cell receptor/proliferation, and
host response.®” Despite these gene expression ad-
vances, the expensive and technically challenging
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technology is not widely available as a routine laboratory procedure.
Consequently, immunohistochemical markers that can place DLBCL
into prognostically relevant categories have been identified, some-
times based on the data gleaned from the gene expression profiling
research. Using tissue microarrays, CD10, BCL-6, and MUMI1 have
been validated as such surrogate markers to define DLBCL subtypes
by their cell of origin.® In one classification scheme, DLBCL is divided
into the germinal center (GC) and non-GC groups, which have an
overall survival similar to that of the GCB and ABC/type 3 groups
identified by expression profiling, respectively.® More recently, similar
immunohistochemical algorithms have been proposed that also pre-
dict clinical behavior.”'® Most studies reporting a better outcome of
GC DLBCL have been done in patients treated with conventionally
dosed chemotherapy alone (usually cyclophosphamide, doxorubicin,
vincristine, and prednisone [CHOP]). A better outcome was also
found for GC DLBCL in poor-risk patients treated with high-dose
sequential therapy and autologous stem-cell transplantation as first-
line therapy."'

In patients treated with rituximab (Rituxan, Genentech,
South San Francisco, CA), the clinical significance of these DLBCL
subclassifications is less clear and controversial. One study showed
that the prognostic difference in outcome between patients with
GC or non-GC phenotypes no longer exists in patients with de
novo DLBCL treated with combination CHOP and rituximab.'* In
contrast, another study found that in patients treated with dose-
adjusted etoposide, doxorubicin, vincristine, prednisone, and cy-
clophosphamide (EPOCH) and rituximab, the GC subtype of
DLBCL was associated with a better progression-free survival."?
Opverall, these studies indicate that the prognostic significance of
biologic markers is treatment specific.

Other specific proteins evaluated by immunohistochemistry
have been shown to have equivocal prognostic validity. High prolifer-
ation rate, as determined by Ki-67 (MIB1) expression, has been found
to be a strong independent predictor of poor clinical outcome in
patients with DLBCL.'*"'® However, other studies have reported thata
low proliferative activity is associated with a shorter survival and
resistance to chemotherapy in NHL.'”'® Expression of the antiapop-
totic molecule BCL-2 has also been associated with a poor clinical
outcome,'®'*?° although treatment with rituximab seems to elimi-
nate the poor risk conferred by BCL-2 expression.'>*! One previous
study reported that high BCL-2 expression or proliferation index does
not impart a poor outcome in patients with AIDS-related DLBCL
treated with dose-adjusted EPOCH.** High-level expression of
FOXP1, a transcription factor differentially expressed in resting and
activated B cells, is correlated with the non-GC phenotype and has
been reported to be an independent adverse prognostic marker for
DLBCL.»Z%° Recently, smaller FOXP1 isoforms were found in some
DLBCLSs; these shorter forms are induced by B-cell activation and are
potentially oncogenic.*® Another protein that has received significant
attention for its role in plasma cell differentiation is B-lymphocyte-
induced maturation protein (Blimp-1)/PRDMI (reviewed in*"*®).
Some DLBCLs express Blimp-1 and display more aggressive behavior,
with a shorter failure-free survival.*®

NHL is the second most common malignancy in HIV-infected
individuals and is an AIDS-defining condition. The relative risk of
NHL in people with AIDS has been estimated to be more than 100-
fold higher than that of the general population.’® DLBCL is the most
common form of HIV-associated NHL. Although extensive investiga-
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tive work has been conducted on DLBCL in immunocompetent
patients as reviewed above, little is known about the impact of subclas-
sification of DLBCL in the setting of AIDS. The immunophenotypic
profile and subclassification of AIDS-related DLBCL into B-cell dif-
ferentiation categories has been reported in two studies that did not
include clinical information.’"** A study that included clinical data
found that the non-GC phenotype was associated with a worse
outcome in 89 nonuniformly treated HIV-positive patients with
DLBCL.* Only one previous study reported immunohistochemical
characterization and correlation with clinical data in a panel of 25
HIV-positive patients with DLBCL who were uniformly treated with
dose-adjusted EPOCH.** To expand on that study and further evalu-
ate whether immunophenotypic subclassification could help prog-
nosticate cases of AIDS-related DLBCL in a larger cohort of patients,
we examined cases of DLBCL from the AIDS Malignancy Consor-
tium (AMC) clinical trials 010 (CHOP v CHOP-rituximab) and
AMCO034 (EPOCH-rituximab concurrent v sequential). We investi-
gated whether a GC versus non-GC immunophenotype; the presence
or absence of FOXP1, Blimp-1, or BCL-2 protein expression; Epstein-
Barr virus (EBV) infection; or the proliferation index was correlated
with overall or disease-free survival in AIDS patients with DLBCL.

Eighty-one cases of HIV-associated DLBCL from AMC clinical trials 010
(n = 45) and 034 (n = 36) were included in this study. The patients in
AMCO10 received standard-dose CHOP, either alone or with rituximab.>*
Those in AMC034 were uniformly treated with standard-dose EPOCH with
either concurrent or sequential rituximab.?® This immunophenotypic study
was approved by the institutional review board of Weill Cornell Medical
College, and the clinical trials were approved by the review boards of all the
participating institutions.

Other methods and materials are provided in the Appendix (on-
line only).

Patient Characteristics

Pathology specimens from patients entered onto two clinical
trials conducted by the AMC, AMCO010 and 034, and classified as
DLBCL by histomorphology and immunohistochemistry were in-
cluded in this study. Results from these clinical trials have been re-
ported separately.’**> Because not all the patients from the clinical
trials were included in this study, either because of a diagnosis other
than DLBCL or unavailability of tissue, we first compared the
characteristics of patients in our sample to those not selected for
further evaluation in this study (Appendix Table A1, online only). No
significant differences were found between the included and ex-
cluded cohorts.

Subclassification of AIDS-Related DLBCL Into GC and
Non-GC Subtypes Does Not Predict Clinical Outcome
A total of 81 DLBCL cases were identified, but complete immu-
nophenotypic analysis was not possible in all of these because of
limited clinical material availability or failure of some antibodies. A
diagram is provided in Figure 1 indicating how many cases from each
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Patients
(n=81)

AMCO010
(n =45)

AMCO034
(n =36)

Fig 1. Number of patient samples used
for statistical analysis in each subgroup.
Given that not all the analyses were pos-

| sible in all the specimens because of

| insufficient material or failure of some
antibodies as a result of tissue fixation or

CHOP + rituximab CHOP alone EPOCH with EPOCH followed preservation artifacts, the exact number
(n=33) (n=12) concurrent rituximab by rituximab for each analysis in each treatment sub-
(n=13) (n=23) group varied. The number of samples for
| | | | each variable and results according to clin-
ical trial is provided. For Ki-67 staining,
| cases were separated into those with low
proliferation index (= 60% tumor cells
Ki-67 (n=42) Ki-67 (n =36) positive), moderate proliferation index
Low (n=16) Low (n=10) (65% to 85% tumor cells positive), and
Moderate (n=9) Moderate (n=16) high proliferation index (= 95% of tumor
High (n=17) High (n=10) cells positive). AMC, AIDS Malignancy
| | Consortium; CHOP, cyclophosphamide,
FOXP1+ 12 of 41 FOXP1+ 15 of 32 doxorubicin, vingristine, and ‘p‘redni_son'e;
Blimp-1+ 10f17 Blimp-1+ 12 of 29 EPOCH, etoposide, doxorubicin, vincris-
BCL2+ 90f19 BCL2+ 19 of 38 tine, prednllsone, and doge—adjusted cyclo-
EBV+ 15 of 45 EBV+ 8 of 33 phosphamide; GC, germinal center.
| |
CD10, BCL6, MUMA1 (n=22) CD10, BCL6, MUMA1 (n=34)
GC (n=15) GC (n=18)
Non-GC (n=7) Non-GC (n=16)

cohort of patients were included in each of the analyses as recom-
mended under the proposed Reporting Recommendations for Tu-
mor Marker Prognostic Studies criteria.’® A summary of the total
cases evaluated for each independent marker and percent positivity is
provided in Appendix Table A2 (online only).

GC or non-GC subtype assignment is illustrated in Figure 2A,
and a representative example of each subtype is shown in Figures 2B
and 2C. In 25 of 81 evaluated cases, the subtype could not be deter-
mined. Thirty-three cases (59%) were subclassified as GC DLBCL and
23 cases (41%) were classified as non-GC DLBCL. This contrasts with
the inverse proportion reported in the HIV-negative setting using this
classification: 42% for GC DLBCL and 58% for non-GC DLBCL.”

In cases where the expression of all three antigens, CD10, BCL-6,
and MUM-1, was successfully evaluated, we compared the distribu-
tion of the various combinations with the reported data from a cohort
of DLBCL in immunocompetent individuals.® In our cohort, we
found more frequent coexpression of all three antigens (19% v 6%),
less frequent lack of expression of all three antigens (6% v 19%), and
less frequent expression of BCL-6 without expression of CD10 or
MUM-1 (2% v 14%; Appendix Table A3, online only).

Cumulative and event-free survival was evaluated with respect to
subclassification into the two main differentiation subtypes. Event-
free survival was defined as time to progression of lymphoma or death
and is synonymous with progression-free survival. Overall survival is
time to death regardless of cause. There was no difference in the
clinical outcome between GC and non-GC DLBCL (Figs 2D and 2E).

As an alternative approach, cases were subclassified according to
Amen et al,” where either CD10 or BCL-6 was used to define a case as
GC DLBCL. Using these criteria, 44 cases were GC DLBCLs and 16
cases were considered non-GC. Among the former group, 18 were

WWW.jco.org

BCL2 negative (potentially favorable). No difference in overall sur-
vival was found between GC and non-GC cases using this classifica-
tion (P = .859). One-year survival rate for GC was 70% (95% CI,
55.4% to 84.6%) and for non-GC was 75% (95% CI, 53.3% t0 96.7%).

We determined whether a particular subtype of NHL is more
frequent in patients with more severe immunodeficiency. Patients
were divided into cohorts with less than 100 CD4 cells/uL (15 pa-
tients) or more than 100 cells/uL (35 patients) and correlated with the
lymphoma subtype (GC v non-GC). No significant associations were
found among these subgroups (P = .11).

Expression of FOXP1, Blimp-1, or BCL-2 Does Not
Affect Clinical Outcome in AIDS-Related DLBCL

High level of FOXP1, a transcription factor whose expression is
induced in activated B cells, has been reported to predict a poor
clinical outcome in immunocompetent patients with DLBCL. We
evaluated FOXP1 expression in our cohort of patients with AIDS-
related DLBCL. Representative cases and tonsil controls are shown in
Figure 3. There were no statistically significant differences in cumula-
tive or event-free survival with respect to FOXP1 expression (P = .79
and P = .57, respectively). Furthermore, expression of FOXP1 was not
correlated with the GC or non-GC subtypes of DLBCL.

Like FOXP1, Blimp-1/PRDM1 has been implicated in prognos-
tication of DLBCL.* Blimp-1 is a transcriptional repressor and a key
regulator of terminal differentiation in B lymphocytes that is critical
for plasma cell differentiation. Blimp-1 is expressed in postgerminal
center B cells. Figure 4 shows representative immunohistochemistry
in control tonsils and two cases of DLBCL. There was no significant
difference in cumulative or event-free survival (Fig 4) with respect to
Blimp-1 expression (P = .17 and P = .98, respectively). Blimp-1
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Fig 2. Subclassification of diffuse large B-cell lymphoma (DLBCL) into differentiation subtypes and survival according to this subclassification. (A) Cases were
subclassified according to the algorithm reported by Hans et al,® as shown. (B) Histology (hematoxylin and eosin) and immunophenotype of representative case with
a germinal center (GC) phenotype: CD10", BCL-6 positive, MUM-1 negative. (C) Histology and immunophenotype of representative case with a non-GC
phenotype: CD10 negative, BCL-6 negative, MUM-1 positive. The original magnification for hematoxylin and eosin was X132 and for the immunohistochemistry
pictures X66. (D) Median and 1-year overall and event-free survival data. (E) Kaplan-Meier plots showing cumulative and event-free survival at 4 years of follow-up.

expression was not correlated with subtype (GC v non-GC) or with
FOXP1 expression.

BCL-2 is an antiapoptotic molecule that has been found to be
predictive of a poor clinical outcome in non-AIDS DLBCL,'®'*°
although treatment with rituximab seems to eliminate the poor risk
conferred by BCL-2 expression.'>*! We found that in our cohort,
BCL-2 expression was not correlated with overall or event-free sur-
vival (not shown). In one study,” a favorable subcategory within the
GC subgroup was identified in HIV-negative patients with DLBCL
when phenotyping was negative for both cyclin D1 and BCL2. Al-
though we did not evaluate cyclin D1 expression, we determined

whether the GC DLBCL cases negative for BCL2 have a favorable
outcome in HIV-infected individuals. There was no significant differ-
ence in overall survival between BCL2-negative GC and other cases
(P = .51), with a 1-year survival rate of 78% (95% CI, 58% to 97%)
and 69% (95% CI, 54% to 84%), respectively.

EBV Is Less Common in GC DLBCL But Does Not
Predict Outcome

EBV is known to be present in a significant subset of AIDS-
related lymphomas, and we found it in 29% of cases in our cohort
(Appendix Table A2). Previous studies have found that this virus is
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more commonly present in cases with immunoblastic morphology
that are of postgerminal center cell origin®® and could possibly impart
a worse prognosis. We evaluated whether EBV is specifically associ-
ated with a specific subtype of DLBCL and whether its presence af-
fects clinical outcome. EBV was less common in the GC DLBCLs (Fig
5A), although it was present in both subtypes. Classification of the
AIDS-related DLBCL cases as described by Amen et al’ showed a
better and statistically significant correlation with EBV status than by
using the classification scheme described by Hans et al.® The presence
of EBV did not affect the cumulative or event-free survival (Fig 5B).
Correlations between the presence of EBV and other immunohisto-
chemical markers, including FOXP1 and Blimp-1, were evaluated, but
no significant differences were found. In addition, contrary to the
expectation that EBV would be more frequently present (and there-
fore more likely to play a pathogenic role) in lymphomas occurring
in the most immunodeficient individuals, the patients’ CD4 counts
(< 100 and > 100 cells/uL) were not correlated with the presence or
absence of EBV in their NHL specimen (P = .47).

WWW.jco.org

High Proliferation Index Predicts a Better Clinical
Outcome in AIDS-Related DLBCL

We determined the proliferation index of the AIDS-related
DLBCL cases by immunohistochemistry with Ki-67, an antigen
expressed during all phases of the cell cycle, but absent from resting
cells. We stratified the cases intro three different categories: high pro-
liferation (Ki-67 > 90% of tumor cells positive), intermediate (Ki-
67 = 65% to 85% of tumor cells positive), and low (Ki-67 < 60% of
tumor cells positive). Previously, this stratification in one cohort of
non-AIDS DLBCL showed that the intermediate category had a better
clinical outcome.'® We found a significant difference between the
three groups with respect to overall survival (P = .05); interestingly, a
higher proliferation index was associated with improved survival (Fig
6A). A similar trend was seen for event-free survival, but this did not
reach statistical significance. As the impact of proliferation index may
differ among various forms of chemotherapy, and continuous infu-
sion chemotherapy used in AMCO034 may target dividing cells more
effectively, we evaluated the impact of proliferation index in the two
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separate trials (Fig 6B). A higher proliferation rate significantly pre-
dicted improved survival only in AMCO034. Event-free survival in
AMCO034 showed a similar trend, but did not reach statistical signifi-
cance (not shown).

The introduction of highly active antiretroviral therapy (HAART) has
resulted in a decline in the incidence of HIV-associated lymphoma,
but the risk remains increased.”>*® Current thought is that HIV-
infected patients should be treated as aggressively as immunocompe-
tent patients with the same lymphoma type, but the prognosis remains
worse in patients with AIDS, as infectious complications are more
likely to occur, particularly in those with lower CD4 counts.*!

In this study, subclassification of AIDS-associated DLBCLs into
GC or non-GC type using immunohistochemical methods®® did not
predict outcome. Although some patients in AMCO010 did not receive

5044 © 2009 by American Society of Clinical Oncology

rituximab, the number was too small for assessment of whether pa-
tients with non-GC DLBCL in this treatment arm had an adverse
outcome. The expression of antigens found to define a poor risk
category in non-AIDS patients, including FOXP1, BCL-2, and
Blimp-1, did not prognosticate survival in this cohort of patients with
AIDS-related DLBCL. This finding is similar to that of Little et al,”*
who found that BCL-2 and p53 overexpression failed to affect survival
of patients with AIDS-related lymphoma treated with dose-adjusted
EPOCH. For the classification of AIDS-related lymphomas, we rec-
ommend the use of CD20, CD3, CD10, BCL-2, BCL-6, and MUM-1,
Ki-67, EBV-EBER, and KSHV-LANA, which usually allow the sepa-
ration of DLBCL, Burkitt’s lymphoma, T-cell lymphoma, and extra-
cavitary primary effusion lymphoma. This panel includes CD10,
BCL-6, and MUM-1, which would also allow for further subclassifi-
cation into GC and non-GC subtypes, but our current observations
suggest that this further subtyping may not supply any clinically useful
information in the setting of the current therapeutic modalities.

JOURNAL OF CLINICAL ONCOLOGY



Pathology of AIDS-Related DLBCL

A Hans Classification
EBER GC Non-GC
+ 5(15%) 8 (38%)
- 27 (84%) 13 (62%)
P .10
Amen Classification
EBER GC Non-GC
+ 6 (16%) 8 (42%)
- 31 (84%) 11 (58%)
P .05
B EBV Median One-Year Median Event- | One-Year Fig 5. Epstein-Barr virus (EBV) and dif-
Survival Survival Free Survival | Event-Free fuse large B-cell lymphoma (DLBCL) sub-
(mos; (95% ClI) (mos; 95% CI) | Survival type and survival. (A) The presence of EBV
95% Cl) (95% CI) in germinal center (GC) and non-GC sub-
Positi h h types according to two different classifica-
Oi'tz've 4164m02t s 072 ) 171 mznt s 0'520 1 tions strategies®® was evaluated. In both
(n=23) ( toh 8 (0.53100.92) | (7to hG (0.28 0 0.71) schemes, EBV positivity was more com-
months) months) mon in non-GC DLBCL, but this trend
i only reached statistical significance when
Negative Not reached | 0.72 16 months 0.56 cases were classified according to Amen
(n = 55) (16 to not (059 to 084) (9 months to (044 to 070) et a|_9 (B) Overall survival according to
reached) not reached) EBV status was evaluated; median and
1-year survival are shown. (C) Kaplan-
P 714 .346 Meier plots of cumulative (left) and event-
free survival (right).
= =
© ©
= 2
c 2
=] =
(7] (7]
£ w] LB —
k= EBV o EBV :
E 201 . Positive E 20 - Positive
= == Negative > == Negative
(&) w
T T T T T T T T T T T T T T T —
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Time (months) Time (months)

In this cohort of HIV-positive patients, the relative proportion of
GC DLBCLs was higher than in immunocompetent patients. A previ-
ous study also reported more cases expressing the germinal center cell
antigens CD10 and BCL-6 in a panel 25 AIDS-related DLBCLs, as
compared with a similar cohort in HIV-negative patients.** A recent
study evaluating 12 AIDS-related and 27 non—AIDS-related DLBCLs
showed that AIDS-related DLBCLs exhibit an immunophenotype
intermediate between the GC and activated B-cell types of DLBCL
present in immunocompetent patients, concluding that the AIDS-
related DLBCLs might have a unique pathophysiology.*> Our data
confirm a slightly different distribution of antigen expression, with
more frequent coexpression of both GC cell antigens (CD10 and
BCL-6) and a post-GC cell marker (MUM-1).

The presence of EBV in our cohort was approximately 30%,
consistent with the published ranges for centroblastic DLBCL
(20% to 40%), although in the immunoblastic category, EBV is
reported to be more frequently present. The vast majority of our

WWW.jco.org

cases had centroblastic morphology. Nine cases had immunoblastic
histology, and among these, five were positive for EBV. The incidence
of primary CNS lymphomas has markedly decreased since the onset of
HAART.* It has been postulated that improved immune surveillance
of EBV viral proteins that are both oncogenic and immunogenic
prevents these tumors from growing. A Japanese study showed that
EBV-positive lymphomas decreased from 88% in the pre-HAART era
to 58% in the HAART era, but did not differ significantly between
HAART users (73%) and nonusers (74%).* Contrary to our predic-
tions, we show that the frequency of EBV in DLBCLSs is not increased
in patients who are more severely immunocompromised. One pre-
HAART study indicated that EBV was slightly more common in
patients with lower CD4 counts.** It is possible that more subtle
immunologic abnormalities than CD4 counts allow the EBV-infected
lymphoma cells to proliferate.*>*®

We found that higher proliferation rates, as determined by ex-
pression of Ki-67, are associated with a better clinical outcome. This is
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Fig 6. Proliferation index and survival.
Proliferation was assessed by staining
with antibodies to Ki-67 and divided into
three subgroups according to the percent-
age of positivity in the tumor cells. (A) The
median and 1-year overall and event-free
survival for all patients evaluated are
shown in the upper panel, and corre-
sponding Kaplan-Meier plots are shown in
the lower panel. (B) Analysis was per-
formed separately on patients from AIDS
Malignancy Consortium (AMC) 010 and
AMCO034; Kaplan-Meier plots of cumula-
tive (left) and event-free survival (right).
The log-rank P value for these analyses is
indicated within the graphs.
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probably related to a better response to continuous infusional combi-
nation chemotherapy, which targets proliferating cells. EPOCH given
over 5 days may eliminate all the cells dividing during this time period
and therefore is more likely to be effective in tumors with a rapid
cellular turnover.

This immunophenotypic study of a large cohort of HIV-
infected patients with DLBCL revealed significant differences from
similar studies on immunocompetent individuals with DLBCL.
We found a lack of predictive impact of most immunohistochem-
ical markers, whereas a higher proliferation rate imparted a better
prognosis. These finding have significant implications for patho-
logic diagnosis in terms of the immunohistochemical panels used
during diagnostic classification. Our findings also have clinical
relevance, as different chemotherapeutic modalities or scheduling

5046 © 2009 by American Society of Clinical Oncology

regimens may be more effective based on the proliferation index of
the lymphoma cells.
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