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A B S T R A C T

Purpose
The International Peripheral T-Cell Lymphoma Project was undertaken to better understand the
subtypes of T-cell and natural killer (NK) –cell lymphomas.

Patients and Methods
Angioimmunoblastic T-cell lymphoma (AITL) was diagnosed according to the 2001 WHO criteria by
a central review process consisting of panels of expert hematopathologists. Clinical, pathologic,
immunophenotyping, treatment, and survival data were correlated.

Results
Of 1,314 patients, 243 (18.5%) were diagnosed with AITL. At presentation, generalized lymph-
adenopathy was noted in 76% of patients, and 89% had stages III to IV disease. Skin rash was
observed in 21% of patients. Hemolytic anemia and hypergammoglobulinemia occurred in 13%
and 30% of patients, respectively. Five-year overall and failure-free survivals were 33% and 18%,
respectively. At presentation, prognostic models were evaluated, including the standard Interna-
tional Prognostic Index, which comprised the following factors: age � 60 years, stages III to IV
disease, lactic dehydrogenase (LDH) � normal, extranodal sites (ENSs) � one, and performance
status (PS) � 2; the Prognostic Index for Peripheral T-Cell Lymphoma, comprising: age � 60 years,
PS � 2, LDH � normal, and bone marrow involvement; and the alternative Prognostic Index for
AITL (PIAI), comprising: age � 60 years, PS � 2, ENSs � one, B symptoms, and platelet count �
150 � 109/L. The simplified PIAI had a low-risk group (zero to one factors), with 5-year survival of
44%, and a high-risk group (two to five factors), with 5-year survival of 24% (P � .0065).

Conclusion
AITL is a rare clinicopathologic entity characterized by an aggressive course and dismal outcome
with current therapies.

J Clin Oncol 30. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Angioimmunoblastic T-cell lymphoma (AITL) is
a rare subtype of peripheral T-cell lymphoma
(PTCL), first described as a distinct clinicopatho-
logic entity in the 1970s.1,2 AITL accounts for
approximately 1% to 2% of non-Hodgkin’s lym-
phoma and 15% to 20% of PTCL.3 The incidence
of AITL is low, with only 0.05 new patient cases
per 100,000 people in the United States, without
sex predilection.3,4

Typically, the architecture of the lymph node is
effaced, with only a few benign follicles retained. A
characteristic feature is extension of the infiltrate
beyond the lymph node capsule, with a preserved
and somewhat dilated subcapsular sinus. Between

the follicles, there is a proliferation of high endothe-
lial venules. The neoplastic T cells are positive for
CD2, CD3, CD4, CD10, CXCL-13, PD1, and often
BCL-6.5-7 Scattered large immunoblastic cells with
more basophilic cytoplasm frequently are CD20
positive, polytypic, and often Epstein Barr Virus
(EBV) –encoded RNA (EBER) positive. Stains for
follicular dendritic cells such as CD21 and CD23
typically show meshworks of follicular dendritic
cells outside of the follicles and often around ves-
sels.8 T-cell receptor gene rearrangements are nega-
tive in up to 30% of patients with AITL. Conversely,
immunoglobulin gene rearrangement can be found
in as many as 10% of patients with AITL, most
likely representing expanded EBV-positive B-cell
clones. The disease is frequently associated with
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autoimmune phenomena, such as the presence of circulating immune
complexes, cold agglutinins, hemolytic anemia, and rheumatoid fac-
tor and antismooth-muscle antibodies. Hypergammaglobulinemia is
present in approximately 50% of patients, typically polyclonal.1

Various treatment modalities have been employed, including
steroids, cytotoxic chemotherapy, and immunomodulators.9-11 The
clinical course of AITL is aggressive, with a median survival of fewer
than 3 years, regardless of type of treatment.12,13 The aim of the present
study was to better characterize the diagnostic and clinical aspects of
AITL in a large and representative series of patient cases confirmed by
central expert pathology review. Herein, we present the findings for
243 patient cases of AITL from the International Peripheral T-Cell
Lymphoma Project.14

PATIENTS AND METHODS

Twenty-two institutions in North America, Europe, and the Far East partici-
pated in the study (Appendix Table A1, online only). Approval for the study
was obtained from the institutional review board at the coordinating center
(University of Nebraska Medical Center, Omaha, NE) and at each participat-
ing center as per the institutional standard. Those selected for the study were
previously untreated patients age � 19 years, with de novo PTCL or natural
killer/T-cell lymphoma, excluding mycosis fungoides/Sézary syndrome, who
first presented between January 1, 1990, and December 31, 2002. At each
institution, the local pathologist reviewed the diagnostic pathology slides and
reports for each patient case and recorded the results of local immunopheno-
typic, cytogenetic, and molecular studies. Clinical characteristics of the
patients, including treatment data and follow-up information, were
also required.

From each institution, phenotype datasheets, diagnostic slides, and tissue
blocks were sent to one of five regional centers for review by an expert hema-
topathologist. These centers included Omaha, Nebraska (D.D.W.); Leeds,
United Kingdom (K.A. MacLennan); Würzburg, Germany (T.R.); Bologna,
Italy (S.A.P.); and Nagoya, Japan (S. Nakamura). A standard panel of immu-
nostains was performed on each patient case, including CD20, CD2, CD3,
CD4, CD5, CD8, CD30, CD56, TCR-�, TIA-1, Ki67, and in situ hybridization
stains for EBERs. Other immunostains, polymerase chain reaction analyses,
and fluorescence in situ hybridization cytogenetic studies were performed as
needed, and all patients were diagnosed according to 2001 WHO classification
criteria.15 The percentages of transformed tumor cells (blasts) and tumor cells
expressing CD30 or Ki67 were estimated in each patient case, as were the
percentages of tumor cells and background cells expressing either CD4 or
CD8. The number of cells staining for EBERs was evaluated semiquantitatively
by counting positive cells in the 10 most positive fields using a 10� ocular lens
and 20� objective and calculating the average number per field (f): 0/f � 0;
� 1/f � 1�; 1 to 9/f � 2�; 10 to 50/f � 3�; and � 50/f � 4�.

At each center, the diagnostic slides for each patient case were classified
independently by each expert according to WHO classification criteria. Initial
diagnosis was based on examination of the hematoxylin and eosin– and/or
Giemsa-stained slides, immunostains, and phenotype datasheets, but with
only limited clinical information from the time of initial diagnosis, including
biopsy site and site of the largest tumor mass (ie, diagnosis one). After record-
ing this diagnosis, the expert was presented with the complete clinical
datasheet, and a second diagnosis was rendered (ie, diagnosis two). The previ-
ous diagnosis could not be changed based on the clinical information subse-
quently revealed.

In addition to the independent diagnosis rendered by each of the four
expert hematopathologists, a consensus diagnosis was also reached in each
patient case. A consensus was considered to have been reached if at least three
of the four experts on the panel agreed on the second diagnosis (diagnosis
two). All patient cases without a consensus diagnosis and all unclassifiable
cases were jointly reviewed on a multiheaded microscope and discussed by the
four experts in a daily consensus conference, and an attempt was made to reach

a consensus diagnosis. If additional sections, immunostains, molecular or
cytogeneitc studies, or other information were required, a diagnostic algo-
rithm was developed by the panel, and the additional materials were obtained.

The clinical information included coded patient and site identifiers, sex,
ethnicity, date of birth, date and site of diagnostic biopsy, other sites of disease,
and Ann Arbor stage. Additional data recorded included symptoms at diag-
nosis, site and diameter of the largest tumor mass, performance status (PS),
and history of immunosuppressive therapy or immune system disorder. Lab-
oratory data recorded included hemoglobin, platelet count, WBC count, pres-
ence of circulating lymphoma cells, and serologies for HIV and human T-cell
leukemia virus 1. The serum lactate dehydrogenase (LDH), �2-microglobulin,
and C-reactive protein levels, and the presence of hypercalcemia, hypog-
ammaglobulinemia, hypergammaglobulinemia, monoclonal serum im-
munoglobulin, hemolytic anemia, and hemophagocytic syndrome, were
recorded. Initial therapy and response; details of remission, progression, or
relapse; and subsequent therapies, along with survival status and cause of
death, were recorded.

Treatment outcome was determined by overall survival (OS) and failure-
free survival (FFS). OS was defined as the time from diagnosis to death
resulting from any cause, with surviving patient follow-up censored at the last
contact date. FFS was defined as the time from diagnosis to first occurrence of
progression, relapse after response, or death resulting from any cause.
Follow-up of patients not experiencing any of these events was censored at the
date of last contact. Estimates of OS and FFS distributions were calculated
using the Kaplan-Meier method,16 and time-to-event distributions were com-
pared using the log-rank test.17 For survival analysis, the International Prog-
nostic Index (IPI)18 and Prognostic Index for PTCL, Unspecified (PIT),19 were
evaluated. In addition, comparisons of clinical and prognostic factors were
performed using the �2 or Fisher’s exact test. Multivariate analysis was per-
formed with a Cox hazards regression model using stepwise selection. All
clinical and pathologic data were centrally analyzed at University of Nebraska
Medical Center and presented and discussed at a consensus conference at-
tended by all the investigators.

RESULTS

There were a total of 1,314 patient cases of PTCL, of which 243
(18.5%) were diagnosed as AITL. AITL was more frequent in Europe
(28.7% of all PTCL), followed by Asia (17.9%) and North America
(16.0%). As shown in Table 1, the median age was 65 years (range, 20
to 86 years), with a male-to-female ratio of 1:3. At presentation, gen-
eralized lymphadenopathy was noted in 76% of patients, and spleno-
megaly and hepatomegaly were present in 35% and 26% of patients,
respectively. Overall, 89% of patients had advanced-stage disease by
Ann Arbor classification. Extranodal disease was present in 27% of
patients. Skin rash was observed in 21% of patients. Hemolytic anemia
was seen in 13% of patients, and dysproteinemia represented by hy-
pergammaglobulinemia occurred in 30%; among these, monoclonal
serum immunoglobulin was observed in 10% of patients. Overall, 6%
of patients were treated with immunosuppressive drugs for treat-
ment of symptoms, mostly steroids, at the time of diagnosis. The
IPI and PIT could be calculated in 222 (91%) and 233 (96%)
patient cases, respectively.

Diagnostic Accuracy

Two diagnoses were made by each of the four expert hemato-
pathologists in each patient case based mainly on histology, immuno-
phenotype, and molecular genetic data (diagnosis one) and then with
the additional complete clinical data (diagnosis two). The agreement
of the experts on diagnosis two with consensus diagnosis of AITL was
81%. Change of a diagnosis of AITL (diagnosis one) to the correct
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(consensus) diagnosis after consideration of the clinical data occurred
in only nine patient cases, whereas change of a diagnosis of other types
of PTCL (diagnosis one) to the correct (consensus) diagnosis of AITL
occurred in 17 patient cases.

Treatment and Outcome

Five-year OS for the entire group was 32%, and 5-year FFS was
18% (Fig 1). A majority of the patients (82%) received combination
chemotherapy containing an anthracycline, whereas the rest received
combination chemotherapy without an anthracycline (7%), single-
agent therapy (5%) or no chemotherapy (6%). The decision of no

initial treatment was mostly the result of advanced disease and poor
PS. Autologous stem-cell transplantation (ASCT) was administered to
31 patients (17%) and was part of initial treatment in 15 (8%). The
complete remission rate for those receiving an anthracycline-
containing regimen was 61%. However, there was no survival advan-
tage for patients receiving combination chemotherapy with an
anthracyclinewhencomparedwiththosereceivingcombinationchem-
otherapy without an anthracycline. At the close of the study, 66% of
patients had died, and only 9% were in remission at the time of death.

Clinical Prognostic Factors

Of the prognostic factors in the IPI, only age � 60 years (P � .04),
PS � 2 (P � .002), and extranodal sites (ENSs) � one (P � .012) were
predictive of OS (Fig 2A). For FFS, only PS � 2 (P � .001) was
predictive (Fig 3A). Neither stage (P � .60 and P � .68) nor elevated
serum LDH (P � .56 and P � .55) were predictive of OS or FFS,
respectively. Therefore, the IPI was not a particularly good prognostic
model for AITL. OS and FFS as predicted by PIT score (age � 60 years,
PS � 2, LDH � normal, and bone marrow involvement) are shown in
Figures 2B and 3B.

We also evaluated other potential prognostic factors, and the
following were adverse predictors of OS and FFS, respectively: B
symptoms (P � .005 and P � .01) and platelet count � 150 � 109/L
(P � .017 and P � .28). Therefore, we constructed a new prognostic
model similar to the IPI for AITL using the five significant prognostic
factors: age � 60 years, PS � 2, ENSs � one, B symptoms, and platelet
count � 150 � 109/L (Figs 2C and 3C). A comparison of the three
prognostic models (Table 2) revealed that the new prognostic index
for AITL (PIAI) was more predictive of low- and high-risk subsets of
patients with AITL.

The PIAI was also tested in an independent set of patients with
AITL for validation. The GELA (Groupe d’Etude des Lymphomes de
l’Adulte) group analyzed 157 patients from its previously published
report on patients with AITL20 using the PIAI prognostic model. In
this independent validation cohort, low- versus high-risk PIAI main-
tained significance for OS and FFS (Figs 2D and 3D).

Pathologic Prognostic Factors

We also evaluated a variety of pathologic features as possible
prognostic factors by univariate analysis, and the following were ad-
verse predictors of OS and FFS, respectively: Ki67 proliferation � 30%
(P � .018 and P � .015) and transformed tumor cells � 20% (P �
.025 and P � .094). Pathologic features that were not predictive of
survival were significant EBV infection (EBERs, three to � 4), CD30
expression, and background CD8-positive T cells � 10%. However,
by stepwise multivariate analysis, when controlling for the IPI, neither
Ki67 proliferation nor transformed tumor cells was an independent
predictor of survival. When controlling for the PIAI, however, Ki67
proliferation � 30% was an independent predictor of survival, with a
hazard ratio of 1.6 for OS (P � .045) and 1.6 for FFS (P � .046).

DISCUSSION

In our study, AITL mainly affected older individuals, with a median
age of 65 years (range, 20 to 86 years), and most patients had advanced
stage (89%, stages III to IV), systemic symptoms (69%), extranodal

Table 1. Clinical Characteristics of Patients With AITL (N � 243)

Characteristic No. %

Age, years
Median 65
Range 20-86

Male sex 137 56
ECOG PS � 2 89 of 239 37
Stages III to IV 214 of 241 89
Extranodal sites � two 66 27
BM involvement 67 of 228 28
Systemic symptoms 168 69
Hemolytic anemia 32 of 205 13
Anemia 81 of 205 33
Platelet count � 150,000/cmm 60 25
Elevated LDH 146 of 223 60
Elevated �2-microglobulin 53 of 92 22
Elevated CRP 84 of 127 35
Hypercalcemia 3 of 184 1
Hypergammaglobulinemia 74 of 166 30
HTLV-1 positive 6 of 89 2
HIV positive 2 of 151 1
Immunosuppressive drugs 13 of 211 5
Immune system disorder 3 of 210 1
IPI � 2 192 of 222 79
PIT � 2 154 of 233 63

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; BM, bone mar-
row; CRP, C-reactive protein; ECOG PS, Eastern Cooperative Oncology Group
performance status; HTLV-1, human T-cell lymphotropic virus type I; IPI,
International Prognostic Index; LDH, lactic dehydrogenase; PIT, Prognostic
Index for Peripheral T-Cell Lymphoma, Unspecified.
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Fig 1. Overall and failure-free survival for 243 patients with angioimmunoblastic
T-cell lymphoma.
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involvement (27%), high IPI scores (79%, � 2), elevated LDH (60%),
and hypergammaglobulinemia (30%).

The centralized review of the diagnostic material by panels of
expert hematopathologists, coupled with appropriate immunostains,
permitted a consistent diagnosis and thereby successful validation of
the 2001 WHO classification of this rare but distinct type of T-cell
lymphoma. The agreement of the experts with the consensus diagno-
sis of AITL was 81%. Possible additional diagnostic markers such as
CXCL13 or CD279 (PD1) may help to improve the accuracy and
reproducibility of this diagnosis. The 28% of patients with large num-
bers of EBER-positive (three to � four) accompanying B cells in our
study sample is comparable to the rate (19%) recently reported in
patients with AITL treated within GELA trials.20

So far, limited data are available on prognostic factors in AITL,
yielding controversial results. Pangalis et al21 found that lymphocyto-
penia was more evident in patients who died as a result of AITL than in
those who remained alive (P � .089). Aozasa et al22 suggested that the
presence of clear and convoluted cells was predictive of poor progno-
sis. Moreover, achievement of complete remission is an important
prognostic factor.23,24 The Kiel Lymphoma Study Group analyzed the
prognostic impact of clinical observations and laboratory findings at
presentation and found that survival was significantly related to age
(P � .032), stage (P � .037), systemic symptoms (P � .007), skin
rash/pruritus (P � .038), edema (P � .030), ascites (P � .013), high
LDH (P � .007), and decreased hemoglobin (P � .020).9 Archimbaud
et al24 identified prognostic factors associated with shorter survival,

including rash (P � .001), lymph node eosinophilia (P � .03), ele-
vated LDH (P � .03), and drug exposure in relation to the onset of the
disease (P � .02); parameters associated with longer survival were
localized lymphadenopathy (P � .01) and achievement of remission
(P � .001). In our study, an alternative prognostic model for AITL was
constructed using the five clinical prognostic factors: age � 60 years,
PS � 2, ENSs � one, B symptoms, and platelet count � 150 � 109/L.

We found an OS rate of only 33% at 5 years, which confirms the
dismal outcome of AITL, despite the fact that most patients were
treated with anthracycline-containing combination chemotherapy.
Some patients (17%) also received high-dose chemotherapy (HDT)
followed by ASCT. Our results are in agreement with the 5-year OS
rate of 33% recently reported by GELA, which treated 157 patients in
different clinical trials with intensive chemotherapy regimens, includ-
ing some patients who also received consolidation with HDT plus
ASCT.20 The treatment regimens currently used in most patients with
AITL do not result in long-lasting remissions. Thus, novel treatment
approaches are warranted. Two recent studies regarding the role of
HDT with ASCT are promising. In a study by Schetelig et al25 of 29
patients, 76% experienced an adequate response, and the OS rate at 5
years was 44%. In a more recent large study of 146 patients treated by
the European Group for Blood and Marrow Transplantation, an OS of
59% at 4 years was reported, with significantly better survival in those
patients who underwent ASCT during first complete remission.26

Additional studies to confirm the results of HDT with ASCT should
be considered.27
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Fig 2. Overall survival (OS) for patients with angioimmunoblastic T-cell lymphoma (AITL) using the (A) International Prognostic Index, (B) Prognostic Index for Peripheral
T-Cell Lymphoma, Unspecified (PIT), and (C) Prognostic Index for AITL (PIAI); (D) OS for GELA (Groupe d’Etude des Lymphomes de l’Adulte) validation cohort using
the PIAI.
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In addition, new agents with activity against PTCL are currently
undergoing further evaluation either alone or in combination. There
are a number of histone deacetylase inhibitors with activity in T-cell
lymphoma, including vorinostat, romidepsin, panbinostat, and beli-
nostat. Vorinostat and romidepsin are US Food and Drug Adminis-
tration (FDA) approved for cutaneous T-cell lymphoma, with

response rates in the range of 25% to 30%.28,29 A phase II trial of
romidepsin for relapsed PTCL demonstrated a 29% overall response
rate, which led to FDA approval.30 Belinostat has also been studied in
patients with PTCL, with an overall response rate of 32%, including
two complete responses.31 Histone deacetylase inhibitors may have
additive and/or synergistic activity with other agents, including topo-
isomerase inhibitors, bortezomib, and others.

Pralatrexate, a potent folate antagonist, is also currently FDA
approved for relapsed PTCL. This agent is administered intravenously
and also has an overall response rate of approximately 30%.32 An
immunoconjugate, brentuximab vetodin (SGN-35), has demon-
strated an 86% overall response rate and 53% complete response rate
for patients with relapsed CD30-positive ALCL.33 Further evaluation
of agents directed at the immunosuppressive microenvironment in
AITL is also an area of active research. Cyclosporine has been used in a
small number of patients with AITL, with a 60% response rate.34 This
is now being tested in a larger clinical trial. Other immune modulation
and antiangiogenic agents, including rituximab and lenalidomide, are
also being explored as single or combination agents for AITL treat-
ment.35,36 However, few patients with AITL have been enrolled onto
any of these clinical trials, resulting in limited data.

In conclusion, given the rarity and poor outcome of AITL, more
prospective clinical trials are required to understand the pathogenesis
of this disease so that specific biologic targeted therapies can be devel-
oped. Our more specific prognostic model for patients with AITL may
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Fig 3. Failure-free survival (FFS) for patients with angioimmunoblastic T-cell lymphoma (AITL) using the (A) International Prognostic Index, (B) Prognostic Index for
Peripheral T-Cell Lymphoma, Unspecified (PIT), and (C) Prognostic Index for AITL (PIAI); (D) FFS for GELA (Groupe d’Etude des Lymphomes de l’Adulte) validation
cohort using the PIAI.

Table 2. Survival of Patients With AITL by Prognostic Model

No. of Risk
Factors Patients (%) 5-Year OS (%) 5-Year FFS (%)

IPI
0/1 14 56 34
2 28 38 21
3 30 20 12
4/5 28 25 16

PIT
0/1 36 46 22
2 37 19 12
3/4 27 30 22

PIAI
0/1 30 44 28
2-5 70 24 15

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; FFS, failure-free
survival; IPI, International Prognostic Index; PIAI, Prognostic Index for AITL;
PIT, Prognostic Index for Peripheral T-Cell Lymphoma, Unspecified.
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also improve our ability to identify patients for alternative therapies.
Significant progress in the treatment of AITL can be expected in the
future from the use of novel, sophisticated, and powerful technologies
of genomics and proteomics.37-39
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Appendix

Table A1. Participating Sites and Physicians During the Study
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Harold Holte, MD
Jan Delabie, MD

University of Würzburg Hospital, Würzburg, Germany
Thomas Rüdiger, MD

Institute of Pathology, University of Wurzburg, Wurzburg, Germany
Konrad Müller-Hermelink, MD
Peter Reimer, MD

Krankenhaus Munchen-Schwabing, Munchen, Germany
Patrick Adam, MD
Martin Wilhelm, MD
Norbert Schmitz, MD
Christoph Nerl, MD

Saint Bartholomew’s Hospital, London, United Kingdom
Andrew Lister, MD
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University of Bologna Hospital, Bologna, Italy
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Table A1. Participating Sites and Physicians During the Study (continued)

Participants

Intergruppo Italiano Linfomi, Bologna, Italy
Massimo Federico, MD
Monica Bellei, PhD
Stefano Luminari, MD

Centre Hospitalier Lyon-Sud, Lyon, France
Bertrand Coiffier, MD
Francoise Berger, MD

King Chulalongkorn Hospital, Bangkok, Thailand
Intragumtornchai Tanin, MD
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Queen Mary Hospital, Hong Kong, China
Wing Y. Au, MD
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Yasuo Morishima, MD
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Masao Seto, MD, PhD

Okayama University Hospital, Okayama, Japan
Mitsune Tanimoto, MD
Tadashi Yoshino, MD

Fukuoka University Hospital, Fukuoka, Japan
Junji Suzumiya, MD
Koichi Ohshima, MD

Samsung Medical Center, Seoul, Korea
Won-Seog Kim, MD
Young-Hyeh Ko, MD
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